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) Discover the wonders of the universe 


Well, here we are! 

All About Space 

has reached its 

50th issue and, 

, to celebrate the 
> occasion, we got 
you to vote for what you think is the 
best space discovery of all time. I won't 
spoil the fun and announce which one 
of them got you hailing it as the best 
finding ever, I'll leave you to find out for 
yourself over on page 16. Thank you for 
voting and taking part in our biggest- 
ever feature - we couldn't have done it 
without you! 
Elsewhere in the issue, we head 

over to the Atacama Desert in Chile 
to get a status update on what's going 
to be the biggest optical telescope in 
the world - the European Extremely 
Large Telescope. With a 39-metre (128- 
foot) main mirror, this instrument will 
be the greatest eye on the sky, as it 
intends to hunt for exoplanets, directly 
image Earth-like worlds, make detailed 
observations of the first galaxies and 
more. The scientists behind the effort at 
the European Southern Observatory fill 


Keep up to date 


www.spaceanswers.com 


us in on why this telescope will show 
us the universe like never before. This 
issue, we discover how close we are to 
finding the hotly debated Planet Nine, 
an ice giant way beyond Pluto's orbit. 

With comet chaser Rosetta nearing 
the end of its mission, and its lander 
Philae in an eternal slumber on the 
surface of Comet 67P/Churyumov- 
Gerasimenko, we catch up with project 
scientist Matt Taylor to uncover what 
we've yet to find out about the Solar 
System (and comets in general!) from 
the first-ever comet landing. 

Don't forget - our big five-o party 
certainly doesn't stop here: we'll be 
celebrating throughout the month 
and up until the release of issue 51, 
which goes on sale on 28 April, with 
competitions, polls and space facts, 
so keep an eye out for #AAS50 on 
Twitter and Facebook. 


Cela 


Gemma Lavender 
Deputy Editor 


4%, Online 


WwWw.Sspaceanswers.com 


Contributors 


Colin Stuart 


m Recently, notorious ‘Pluto 
killer’ Mike Brown and his 
colleagues announced the 
possibility of a ninth planet in 
our Solar System. Colin finds 
out how much closer we are to finding it. 


Giles Sparrow 
, m@ It may benearing the end 
=e ofitsmission, but Rosetta 
still has a lot to tell us about 
a 7. comets and the forming of 
. the Solar System, as Giles 
finds out from project scientist Matt Taylor. 


Dominic Reseigh-Lincoln 


(> @ (In 2025, the biggest 
- telescope in the world 
= ¥ ~ willbeginits observations 
J % of the universe. Dominic 
ait. catches up with the ESO 
astronomers to get the details of the E-ELT. 
Ninian Boyle 
@ Take Ninian's astronomy 
tutorials this month - you'll 
be mastering setting circles 


» and getting the best views of 
_. ‘elusive’ Mercury in no time. 


Facebook 
/AllAboutSpaceMagazine 





With Philae still radio silent 
on the surface of Comet 67P, 
the Rosetta orbiter prepares 
for its end-of-mission phase 


“Werte trying 
to meet 

dS Id lly 
objectives 

as we can 

to enable 

the science 
originally 
mapped out 
30 years ago" 


Matt Taylor, project 
scientist of the Rosetta 
mission [page 64] 
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Pluto's frozen 

north, Hubble 
breaks a distance record 
and an alien world, 
evicted from its system, 
has been found 
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discoveries 


Revealed! The most astounding 
advances in space science as 
chosen by you 


Year in space 


We catch up with astronaut Scott 
Kelly on his return to Earth 


Droids on 
other worlds 


From C-3PO to Robby, science 
fiction is full of helpful robots. 
Now NASA is making it a reality 


Solar System's 
secret planet 


With recent evidence for an ice 
giant beyond Pluto, astronomers 
are now trying to track it down 
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World's biggest 
telescope 


As work continues on its design 
and construction, we take you 
inside the E-ELT as it prepares 
for first light 


GREATEST 
eS 


Virgin Galactic 
rolls out 
SpaceShipTwo 


Recently, we saw the unveiling 
of a brand new plane, designed 
to take you into space 





Rosetta: The 
final chapter 

Matt Taylor, project scientist of 
the comet-chasing spacecraft 
tells us what we can expect 
during the mission's final week 
of operation 


AV Elam erytemern 
Rosetta mission 
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"T think coming back to gravity is 
much harder than leaving gravity. 
Maybe the aliens have got it a lot 


3 Commander Scott Kelly 
NASA astronaut 
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98 Heroes of Space 
Elon Musk, CEO of private 
space company SpaceX 
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Your complete guide to the 
night sky 


What's in the sky? 


Our pick of the must-see night sky 
sights this April 


This month's 
planets 

Where and when to look for the 
best views of the Solar System 


How to... Master 
setting circles 

The dials on your equatorial 
telescope mount have a useful 
purpose. Here’s how to make 
them work for you 


Moon tour 

Late April's Moon offers splendid 
views of the large impact scar, 
Mare Orientale 


Naked eye & 
binocular targets 
Enjoy the night skies of spring 
without the need of a telescope 


How to... Observe 
Mercury 

Catch the closest planet to the Sun 
this month 


Deep sky 
challenge 

Turn your telescope up high this 
month for sights of galaxies and 
double stars 


The Northern 
Hemisphere 

Enjoy a menagerie of objects in the 
heavens this month 


Me & My 
Telescope 

We feature more of your 
fantastic astroimages 


Astronomy 
kit reviews 


Vital kit for astronomers 


and space fans 
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YOUR FIRST CONTACT WITH THE UNIVERSE 


Flying sea a 
eA N sb (eB (O32 


The European Space Agency (ESA)'s Tim Peake shared 
this stunning image of the aurora, taken 23 February from 
the International Space Station. “The @Space_Station just 


passed straight through a thick green fog of #aurora... 
eerie but beautiful. #Principia,” he tweeted. Aurorae are 
a result of energetic particles, which speed from the 
Sun in a steady stream called the solar wind, as well as 
giant eruptions known as coronal mass ejections (CME) 
smashing into the atmosphere of our planet. 
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Pluto's frozen north 


Captured by the New Horizons spacecraft, this icy 
scene reveals another story of Pluto's diverse terrain - 
this time at the dwarf planet's north polar area. Long 
canyons can be seen running across the informally 
named and methane ice abundant Lowell Regio, 

which is named after astronomer Percival Lowell who 
founded Lowell Observatory and suggested the search 
that led to the discovery of Pluto. The widest canyon 

is 75 kilometres (47 miles) wide and its walls are much 
older and comprised of weaker material compared 

to valleys elsewhere on Pluto. The canyons provide 
evidence of ancient tectonic activity. Irregularly-shaped 
pits measuring 7O kilometres (43 miles) across and four 
kilometres (2.5 miles) deep scar the region, indicating 
where subsurface ice has melted or sublimated from, 
causing the ground to collapse. 








Thesnoozing =. © 
supermassive 
blackhole 


Don't be fooled by the placid appearance of giant 

reli Tela er] Boz ED Ava Lele 7:3-Xe Pim Recreate image 
from the Hubble Space Telescope, for it harboursa 
dark secret. At its heart lurks one of the most massive — 
black holes ever discovered, which is 21 billion times 
the mass of the Sun and has an event horizon-the __ 
point at which not even light can escape - of 130 ( 
billion kilometres (80.8 billion miles), which is 15 times 
the diameter of Neptune's orbit from our star. NGC 
4889's days of swallowing stars and devouring dust 
are over. It's thought that the gigantic black hole has — | 
stopped feeding and is resting after feasting on NGC ; : ies 
4889's centre. The elliptical is now peaceful, with stars ae 
forming from the galaxy's remaining gas that's orbiting 

undisturbed around the high-gravity object. 
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Like a car headlight in-enveloping fog, newly ere 
Sema PREC N An CMe) Kelty 1c (4-8 7) 
_, Clouds to create the reflection nebula IC 2631 - ta ee) Te 
Tanase nebula in the Chamaeleon Complex, a EVs ee 
region that harbours newborn and still-forming stars. ~~” 
‘located about 500 light years away in the southern: .- 
areola cll le Rolm Oar lilo -e]g MA WN Mn PRY Le lO Rar Pa 
Meese ua comuey ar eXs Tmo] ) | 
, hard to miss.the many star births means that it will’ s 
be stolen by future Stellar youngsters. >. 
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was age) Southern Observatory (ESO)'s  . . S eres 
Photo Ambassador Petr Horalek stitchedthe ©. . 
Milky Way together by combining two SSIES STE RS Seat eNh 
photographs, each showing our galaxy inthe _ aeseee 

aU ay sky from both SS nce Toe ae: ; 
part of news was taken from ESO's cu ae Siesta 

Observatory i in Chile, while the one part was. 

STs) ecto R eo LCR LR 1 OC Ce Z 
Lesna. A distinctive X-shaped structure or] 
be seen. From top right to bottom aia 
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J 
Lot ted about 30,000 light years away in the constellation of 
Carina (The Keel), a massive Wolf-Rayet star known as WR 31a 
sparkles at the centre of this image from the Hubble Space 
Telescope, which launched into low Earth orbit over 25 years 
ago. The obvious feature encircling WR 31a is a Wolf-Rayet 





. ‘ als e na nebula, a cloud of dust, hydrogen, helium and other gases, 
‘ s ne al __ whichis produced when stellar winds - travelling at break- 

nai WON eee 7, ~ neck speeds - collide with the outer layers of hydrogen that 

, A R me ery are often ejected by Wolf-Rayet stars. The bubble is estimated 

al _—— * to have formed some 20,000 years ago, expanding at an 


* — * incredible rate of around 220,000 kilometres (136,700 miles) 
“per hour: Sadly for the Wolf-Rayet, the common life cycle of 
these stars lasts for only a few hundred thousand years ~ this 

Pte as a blink of an eye in cosmic terms i fem inte 
cle hich i in at least 20 times the,mass of our Sun. 
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APEX completes the 
sharpest-ever Milky Way map 


This spectacular new image of our galaxy, released by the European Southern 
Observatory (ESO), marks the completion of the APEX Telescope Large Area Survey of the 
Galaxy (ATLASGAL), which was conducted by the APEX telescope in Chile. The full area of 
the Milky Way that is visible from the Southern Hemisphere was mapped at submillimetre 
wavelengths - between infrared light and radio waves. The map is the sharpest to date, 
complementing those taken by the space-based surveys conducted by the likes of the 
ESA‘s Planck and Herschel satellites, and provides exciting insights into where the next 
generation of high-mass stars and clusters are likely to form. 
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* Hubble's blue bubble 
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Smashed as 
Saecpe 


An international group of astroriomers 
have made astronomical history, using - 
NASA's Hubble Space Teleseope to 
Jo}Kaz la acReO cian OGlie-TaGcBKaee)remeyys 
capturing images of the farthest galaxy 
ever seen. 
| That far-flung galaxy, designated 
GN-z11, is located in the direction 
of the constellation of Ursa Major ° 
with the current images showing it 
as it was 13.4 billion years ago. Said 
shots also present it as a surprisingly 
bright portion of space for a ENED eat 
such an infantile age: The fact that a 
was detected by Hubble, a powerful 
yet aging space’telescope due to be 
replaced by the far’ more versatile James , 
» Webb Space Telescope (JWST) in 2018, 4° 


rd 


“We've taken. 
a Major step 
-back in:time.* 
beyond Merion 
te oho) 
. expectedto: . 
be able to do ~ 
with Hubble"* 








How Lbs mes SMe for the STOO ; 
community. mi 

“We've taken.a major stepback in . 
time, beyond what we'd ever expected 


«to be able to do with Hubble. We see 
GN‘z11 at a tine when the universe was - 


Cv Ate ome Teele er Tercera 


explains principal investigator Pascal 
_ Oesch of Yale University. The team 


behind the OTC Ven also includes * 
scientists from Yale Univgrsity, the _ 


Space.Telescope Science Institute 


(STScI) and Tt University 6f California. 


_ That uncharacteristic brightness is also 


providing another faseinating insight _ 
into how we categorise distant galaxies 
and objects, especially when it comes. . 
to understanding the ratié, between - 
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Cosmic distance record 
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Ilbn alee q\aae 


NASA's flagship space telescope sees further than ever: before, aves 7? 
a portion of space a mere 400 million years after the’Big ca 


luminosity’ Pevele mals Feu aon 
rN yates glance, GN-zIl Was ees 


Sonor considerably nearer - however, 


datemcoecs alt Se of Hubble's Wide Field ~ 
OEMScM PEGE vec) ceRdselmanee ital 
between brightness and distance 


Hemme TAYE hye bs Straigigtorward as . 


previously thought. “Our spectroscopic 7 
CE ACINO NCE Ver Mune -eIc ome 


Py = ' 
pYeRaeM Clad mANi hada are 


i Casi thought, right at the distance 
* limit of what Hubble can observe,” 


comments*Gabriel Brammer of STScI, 


- the second author of the study. 
- » Prior to the discovery of GN-z1l, ° 


SIC CSe ce CHi mem rseoreh irl 


_~ stereoscopically recorded at 8.68 


(around 13.2 billion years ago), but.with 
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, until the JWST is fully operational. And .. . 


» and study. 


California, Santa Cruz on the nature‘of | , 
Me leecliiecm ale iUNe-C Iya 





* Cd 


i L 
J] 
a redshift of.11.1, this new arent oe 
set a record that is unlikely to peo 0 


despite Preis 25-times smaller than 
the Vio Way, GN-z11 is forming stars 
20-times faster than ourown galaxy 
is tgday, making it mucheasieg to see | 


Biase TneVATn A018) 9/0 
massive existed only 200 million to —  ® 
300 million years after the very first 
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solar magses so soon,” adds investi 
Garth Hlingworth,of the University of 
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Stay up to date... 


_ Fascinating space facts, videos & more 


Twitter 


@spaceanswers 


While not as great in magnitude as the Siberian 
meteor pictured here, the recent impact is still a 


frightening reminder of the dangers of space 


Meteor strikes the Earth and. 


unleashes 13 kilotons of energy 


The event comes almost three years to the day that a similar object crashed down in Chelyabinsk 


Despite the significantly lax coverage it 
received in the Western press, a meteor 
of significant size really did collide with 
Earth on 6 February. It was far from 
a forgettable event either - it streaked 
across the skies above the South Atlantic 
Ocean before impacting 1,000 kilometres 
(62 miles) off the coast of Southern Brazil. 
Travelling at a speed of 14 kilometres 
(8.7 miles) per second, the meteor 
generated a staggering 13 kilotons of 
energy when it finally struck the Earth. 
According to Ron Baalke, a scientist 
with the Near Earth Object programme 


Distant planet 
may be a deep 
Space evictee 


New evidence suggests HD 
106906b was jettisoned far 
from its parent star by an 
invading celestial body 


Back in 2013 astronomers found a 
distant planet that seemed to defy belief 
- 11 times the mass of Jupiter and with 
a surface temperature of 1,500 degrees 
Celsius (2,732 degrees Fahrenheit), 
HD 106906b orbits its parent star at a 
Staggering 650 times the distance that 
Earth orbits the Sun. However, new data 
suggests this huge orbital distance could 
have been caused by another planet that 
forced it far from its original home. 
“Since HD 106906b is very massive, 
the most likely culprit is another 
massive planet in the system that 
gravitationally jostled HD 106906b 
from its original orbit,” says Paul Kalas, 
an adjunct professor of astronomy at 


www.spaceanswers.com 


at NASAs Jet Propulsion Laboratory, 
the meteor was the largest fireball 
detected since the event three years 
ago in Chelyabinsk. That meteor, which 
impacted the Earth on 15 February 2013, 
struck with such force it injured more 
that 1100 people and caused a whopping 
$30 million (£21 million) in damage. 
Considering most of the damage was to a 
sturdy industrial city in Western Siberia, 
it’s a considerably powerful impact event. 
Estimates place the size of the new 
2016 meteor somewhere between 
five and seven metres (16 and 23 feet) 





the University of California, Berkeley. A 
recent study of said parent star revealed 
What appears to be a lopsided comet 
belt surrounding it, which some believe 
is the remains of a violent collision that 
cast HD 106906b into interstellar exile. 
Kalas’ team used a combination of 
NASA‘s Hubble Space Telescope and 
the Gemini Planet Imager (GMI) at 
the Gemini South Telescope in Chile 
to capture the celestial flotsam and 
jetsam surrounding HD 106906b's star, 
and presented their findings at the 
226th American Astronomical Society's 


when it breached our atmosphere 
(for comparison, the one that struck 
Chelyabinsk was between 17 and 20 
metres, or 56 and 66 feet), although much 
of this likely burned up by the time the 
fireball struck the ocean. 

Unfortunately, due to the location 
of its impact, no one was around to 
capture its arrival on camera but it’s 
relatively unthreatening presence was 
still registered by NASA all the same and 
remains a stark reminder of just how 
powerful near-Earth objects can be when 
they cross paths with our world. @ 





According to Kalas, astronomers 
aren't sure if the exiled planet 
will even remain in a bound 
OSLO LM ALON BLE OI Came de 


Extreme Solar Systems III conference 
in Hawaii. The findings certainly 
paint a fascinating picture as to 
why the rogue planet is so 

far from its original home, 

but the team have been 
unable to locate the 
potential planet or 
object that may 
have caused the 
expulsion. @ 
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Mini satellites 
to hunt for 
alien worlds 


A team of NASA researchers are 
hoping to design and launch a fleet 
of miniature probes that will study 
the distant worlds catalogued by 
the Kepler Space Telescope. The 
project's first aim would be to 
reveal a Jupiter-sized planet around 
the distant star Beta Pictoris. 


Super camera 
to scan the 
Kuiper Belt 


The Palomar Observatory near 
San Diego will soon have a new 
versatile instrument that will help 
astronomers study the icy Kuiper 
Belt found beyond the orbit of 
Neptune. The Caltech HIgh-speed 
Multi-color camERA (CHIMERA) 
system can also detect near-Earth 
asteroids and forms of exotic star. 


Musk unfazed 
by SpaceX 
setbacks 


SpaceX founder Elon Musk claims 
the recent failure to land the Falcon 
9 reusable rocket on a robotic 
platform in early March was hardly 
a surprise, stating he, “didn’t expect 
this one to work.” However, he does 
expect the next $61 million (£43 
million) launch to successfully land 
on the firm’s oceanic destination. 


Astronomy kit 


worth over £800! 


Enter over at www.spaceanswers.com/competitions 
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oubt 
The source of the mysterious galactic event has been 
potentially debunked as quickly as it was discovered. 


Following the recent potential discovery 
of the origins of fast radio bursts (FRBs), 
the intergalactic signals originating 

from deep space, another team has 

come forward to contest the theory. The 
informal research, presented a few days 
after the initial paper, suggests the bursts 
of energy could in fact be expulsions 
from nearby black holes. 

Fast radio bursts are a type of transient 
radio pulse that usually last only a few 
milliseconds and are an astrophysical 
phenomenon often detected in space 





The IBEX ribbon is a band of 
energy and particles at the far 
outer reaches of our Solar System 


IBEX ribbon 


could hold 
the map to 
the cosmos 


New study takes a 
closer look at the 
magnetic fields that 
Surround and permeate 





outside the Milky Way. The exact source 
of these high energy transmissions (one 
millisecond burst can produce the same 
amount of energy as our Sun would in 
10,000 years) has transfixed astronomers 
since the first FRB was detected in 2001. 
The original paper - presented by 
Evan Keane, a project scientist at the 
Square Kilometre Array Organisation, 
and his colleagues in early March - 
theorised that the origin of these signals 
could be significantly narrowed down by 
tracing its ‘afterglow’. Keane and his team 


traced the afterglow for six days and 
found it was produced by the powerful 
collision of two colossal objects, such as 
the union of two black holes. 

A team led by Peter Williams, a 
postdoctoral astronomer at the Harvard- 
Smithsonian Center for Astrophysics, 
produced an almost instantaneous 
counter paper that argues this FRB 
is indeed connected to a black hole, 

Jo)Uimp iow rl bloiar- bla @l sO) MINK omen EA 
expelled from a huge supermassive 
black hole at the centre of the galaxy. @ 





our Solar System 


Using data taken from NASA's 
Interstellar Boundary Explorer (IBEX), 
a new study has shed new light on 
the mysterious IBEX ribbon - a thin 
slash of space at the edge of our Solar 
System where molecules stream in 
from outside space at a faster rate than 
anywhere else in our heliosphere. 

The research led by Eric Zirmstein 
- a space scientist at the Southwest 
Research Institute in San Antonio, 
Texas - suggests this celestial 
phenomenon could provide a greater 
insight into the machinations of the 
universe and serve as a roadmap of 
sorts to the cosmos beyond. 

Zimmstein has theorised that the 
particles streaming in through the 
heliosphere (a magnetic shell that 
surrounds our entire Solar System) are 
actually solar material reflected back 
at us from the far reaches of the Sun's 
magnetic influence. 

“The theory says that some solar 
wind protons are sent flying back 
towards the Sun as neutral atoms 
after a complex series of charge 
exchanges, creating the IBEX ribbon,” 


says Zirnstein. “Simulations and IBEX 
observations pinpoint this process 

- which takes anywhere from three 
to six years on average - as the most 
likely origin of the IBEX ribbon.” @ 
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Surface of 


Mars shaped 


by rainfall, 
not volcano 


Research says the fall of 
rain helped to carve the 
valley networks on the 
Surface of Mars 


For decades, scientists have operated 
under the assumption that the 
intricate lithosphere of the Red Planet 
was shaped by the ancient activity of 
Tharsis plateau, home to the largest 
volcano in our Solar System - however, 
new research says the deep and 
winding valleys on Mars’ surface were 
actually created by rain and snowfall 
in the planet's youth. 

Tharsis formed around 3.7 billion 
years ago in a period of Martian 
history known as the Noachian Era 
and has long been thought as the 
cause of these lithosphere alterations, 
with its one-billion-billion-ton mass 
(that's equivalent to one seventieth of 


This latest theory also suggests the 


the Moon's mass) causing the mantle 
to tear and shift as it began to form. 
Since these valleys are orientated in 
the same direction, parallel to the 
equator of the planet, the Tharsis 
theory has remained the most 
plausible scientific argument. 

A team led by Sylvain Bouley, a 
planetary scientist at the University of 
Paris-Sud, France, theorises that these 
valleys are instead the networked 
remains of a complex system of rivers 









Martian atmosphere at the time was 
considerably colder than first thought 


that ran around the surface in a thick, 
criss-crossed band. More so, these 
valleys were created during the same 
period as Tharsis’ formation, rather 
than as a direct by-product of its rise. 

The researchers ran 3D simulations 
that showed the river network grew 
during the theorised heavy rainfall of 
the Noachian Period as the Tharsis 
bulge continued to rise, with the band 
shifting over the Martian equator as 
the period drew to a close. @ 
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, Ss a 
oD on 
The votes are in and counted anc no NII 
About Space presents fants east astronomical 


discoveries of all time, as chosen by our readers. . 


Some of the greatest moments in space science 
have come as humans have gazed up to the 
heavens, sent spacecraft to explore other worlds, 
and marvelled ‘at how nature has developed this 
wonderfully complex cosmos that we live in. ° 

- Science is also a cumulative process, where 
feats GER@OiaIa7 leads to another and so on, and 
astronomy is no different. The discovery that 
there are galaxies beyond the Milky Way led to 
the discovery of the expansion of the universe, 
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- for example. So as we run down the 50 greatest e 


eieoy (sve acm tones) cleric Mellie (Ole amen aR evaeal : > 
remembering all the other discoveries; some of .- 
which may have been comparatively small, but all | 
of which played a part in painting our picture of _ 
the universe as we know it. ie 
So, what has been chosen as the most important 
astronomical discovery of all time? Could it be 
the discovery of how stars generate their energy, 
or how planets are born? Could the discovery and 


_ exploration of Pluto be a contender? Or will the 


latest discovery of gravitational waves pip the 
others to the title? Read on to find out! 
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-\ The first 
Sith ets 
Light-speed jets, or quasars, were 
discovered on 16 March 1963 by Dutch 
astronomer Maarten Schmidt. He had 
been studying a bright, distant object, 
which was believed to be a star. But 
when he measured exactly how far 
away it was, he was shocked to find 
that radio Source 3C 273 was 2.5 
billion light years from Earth. This was 
no star, he concluded, as its brightness 
did not tally with the sheer distance. 
And so studies into quasars (short for 
quasi-sellar radio source) began. 

The greatest puzzle was working out 
what caused these objects that were 
more luminous than a galaxy. They 
knew they were coming from a single 
place but it took a while to discover 
they were shining from galaxy cores, 
only where supermassive black holes 
were present. Light was unable to 
escape from a black hole but when 


material forms a surrounding accretion | 


disc, causes a collision of matter and fs / 
heats up, jets of high-energy radio ; 
waves, x-rays and light waves shoot | 
out. The discovery added evidence to 

the Big Bang theory. 


awit tH 
ELC mem attic 


A false-colour image map, created by New Horizons 
and released in January 2016, has shown a greater 
prevalence of water ice on Pluto than was first imagined, 
with most of the dwarf planet's surface appearing to be 
covered. The maps were based upon data from two Ralph/ 
Linear Etalon Imaging Spectral Array instruments from a 
range of 108,000 kilometres (67.000 miles) and while there 
were some notable gaps - namely at Sputnik Planum and 
\ Lowell Regio - the amount of water is stark. According 
\ to NASA, “Pluto's icy bedrock is well hidden beneath 
Y a thick blanket of other ices such as methane, 
nitrogen and carbon monoxide,” which y/ 
accounts for why a surprising amount y/ ‘A 
OMAN ose ate toon elo) cece ia Le ovo 
the data. A 
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While the discovery of Halley’s 
Comet is attributed to ‘the English 
astronomer Edmond Halley, the 
first record of the passage of 
Halley's Comet was actually noted 
on 30 March 239 BCE by Chinese 
astronomers in the Shih Chi and 
Wen Hsien Thung Khao chronicles. 
The comet also made a timely 
appearance just before William 
the Conqueror invaded England in 
1066 - a fact that was immortalised 
on the Bayeux Tapestry. That was 
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_/ Halley's Comet 


no surprise, though. Halley's Comet 
passes by Earth every 76 years or so. 
As for Edmond? He was the person 
who correctly computed the comet's 
orbit and the first to recognise a 
comet as periodic. 

__ As Savilian Professor of Geometry 
at the University of Oxford, Halley 
published Synopsis Astrenomia 
Cometicae in 1705, which stated that 
the comet sightings of 1456, 1531, 
1607 and 1682 were of the same 
body. By his prediction, the comet 


that year and passed perihelion on 
13 March 1759. It became known as 


have proved to be useful since, not 
only showing astronomers that a 
comet can orbit the Sun, but also 
enabling them to conduct missions 
and experiments: in 1986, samples 
were taken of its composition by 
spacecraft and it was observed 
through telescopes. Halley’s Comet 





How Halley got its tail 


-— @ 2 Forming an envelope 
ree When the nucleus is 748mn km 
=a | (464mn mi) from the Sun, it 








a 1 Warming P Pow begins to form a coma, a gaseous 
the nucleus 1 ie around the nucleus. ri 
ea el . Ww — @ The comet's orbit . 
isjustalump oficeand =~ Pes on retin . 
rock without a tail, but CROCE — ——— _ the Suniis elliptical. 
Se re Solar wind and aa : Being a long period 


Sun, it begins to warm 
up and sublimate. 


radiation causes 
a tail to form. The 


tail is made of gas. lap around Bur star 
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cooler climes 
As Halley moves 
away from the L 
Sun, its tails and 5 Sweeping back the gas tail ®@ 
gas envelopes © The comet's gas ion tail is swept back 
disappear. by the forceful solar wind, which 
causes it to point away from the Sun. 





another tail that's 
made of dust. This 


would return in 1758. It was sighted 


Halley's Comet and-the calculations 


will next pass Earth on 28 July 2061. 


comet, Halley takes 76 
years to complete one 


~ and will return on 28 


BB 4 Asecond tail 
Comets usually have * 


second tail is pushed 
out by the sunlight. . 
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\\: GREATEST - 
\ DISCOVERIES 


47 The heaviest dwarf planet 
in the Solar System. 


Discovered in 2003 and confirmed in 
January 2005, Eris is the most massive 
dwarf planet in the Solar System. 
Consideration had been given to Eris 
becoming the 10th planet, especially 
as its mass exceeds Pluto's by 28 per 
cent, but in the end, both it and Pluto 
were given the status of dwarf planet. 
Despite that, Eris’ significance is 
not in doubt. The very fact that Eris 
and Pluto were reclassified was down 
to Eris. It had sparked a debate over 
What should and should not be a 
planet, which was settled only by an 
official definition being drawn up by 
the International Astronomical Union. 


That led to an entirely new category, 
while it in no way lessened the 
importance and excitement over the 
latest discovery (nor, come to that, of 
Pluto as New Horizons has shown). 
At first, Eris was seen to be the 
second largest dwarf planet in 
the Solar System after Pluto, but 
observations now show that Eris is 
roughly the same size as Pluto, with 
a diameter of 2,326 kilometres (1,445 
miles) while Pluto's is around 2,300 
kilometres (1,429 miles). Just to spice 
things up, Eris has a moon, too - 
Dysnomia. It’s one of the few dwarfs to 
have one. 


46 The very first object 
beyond the orbit of Pluto 


Although Pluto was discovered in 

1930 and the first of its five moons, 
Charon, was found on 22 June 1978, the 
first object found beyond Pluto's orbit 
proved to be one of many. Astronomers 
David Jewitt and graduate Jane Luu had 
been searching the outer Solar System 
using various telescopes for five years. 
They were looking for evidence of a 
trans-Neptunian population of objects - 
now known as the Kuiper Belt. 

In 1992, their efforts were rewarded 
when they found an object orbiting the 
Sun beyond Pluto and named it (15760) 
1992 QB]. The following April, they 
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wrote a letter to the journal Nature 
in which they said it “may suggest 
the first detection of a member of the 
Kuiper Belt.” They were correct, for 
(15760) 1992 QB1 became just one of 
many such objects found in the region. 
Of course, the repercussions of this 
find would later be felt. Over 1,000 
objects have been found in the Kuiper 
Belt and there are said to be tens of 
thousands more. Eris has become the 
largest known trans-Neptunian object 
in the belt which, ironically, led to 
Pluto being downgraded from planet 
to dwarf planet in 2006. 








Kale Ke 
discovered » 
around Satum 


There is little doubt that astronomer ‘os ~ 
Galileo Galilei contributed greatly to om 
our understanding of space. In 1610, 
he observed the rings of Saturn, 
although he believed at first that 
it was a bright star flanked by two “ 
dimmer ones. Two years later, he * ‘ 
saw the rings edge on and exclaimed Se 
shock that they had apparently é ‘4 
disappeared. Four years later still -~ ate ' 
having let out,a sigh of relief at their ' ; —e 
return in the meantime - he believed g , — 
the rings to.be-aspair.of half-ellipses. Milam eo i, -< : 
Saturn's phenomena Aaya. = mS Me : 
astronomers who found the St eo}. ee . | 
mesmerising, unique and unusual = —* * ES ; 
Christiaan Huygens proposed the — 
ring was solid in 1655 and that-stuck 
until 1856 when theorists began 
subscribing to the idea that the ring 
was actually made up of particles, a 
hunch the robotic space probe Pioneer 
11 would verify in 1979, and which 
had actually been suggested in 1660 
by Jean Chapelain but ignored. 
Pioneer 11 passed by Saturn at a 
distance of 21,000 kilometres (13,050 
miles) from the planet's cloud tops 
and it sent back some stunning ‘a ’ | 
images. Shortly after, the Voyager 1 4 Pre se 
and Voyager 2 spacecraft completed *™. 9 ee p> \ 
their own missions around Saturn, | ; 
showing billions of ring particles that i 
ranged from tiny particles the size of 
dust, to some as large as mountains, 
each likely to,be fragments of 
asteroids, comets or moons, which 
broke up as they got close to Saturn. 
Two small moons were also found 
to orbit within gaps,in the ring and 
it was discovered that the rings - at 








one kilometre (0.6, miles) thick - orbit , at 
at different speeds. In 2009, a huge of you chink ae 
new ring was found distantly orbiting finding sae be 
Saturn. Researchers say it is nearly aya oas) shou . 

7,000-times larger than Saturn itself \, Tal ale top tS 


and is most likely made up of debris 
from Saturn's distant moon Phoebe. 


www.spaceanswers.com 











50 greatest discoveries of all time 















ra celine i 
Team tiaaly el 


Neutrinos are high-energy subatomic particles that 
lack any charge and are difficult to detect. They are 
produced through the interaction between cosmic rays 
. ae ae and their surroundings and were detected in 1987, sourced 
é back to a supernova explosion in a nearby galaxy. In April 
2012 researchers at the IceCube Neutrino Observatory 
in Antarctica detected two neutrino events above 1 
petaelectronvolt. The neutrinos had been scattered 
towards our Solar System following a supernova in the 
Large Magellanic Cloud. To be absolutely sure, the 
detector was activated once more and 35,000 
neutrinos were recorded - 21 of which were 
of sufficient energy to have come 
from outside of the Solar 
System. 
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While we now know where Uranus is 
in the night sky and can, with good 
conditions, see it with the naked eye, 
it took until 1781 for the planet to be 
discovered. Amateur astronomer Sir 
William Herschel spotted it by accident 
on 13 March while he was using his 
self-designed telescope to survey 
magnitude eight stars (those too faint 
to be seen with the eye alone). 

Sitting alone in his garden in Bath, 
England, he recorded an object that, 
on a subsequent scan of the sky, had 
changed place and appeared to be 
closer than the star field. Everyone 
who had seen Uranus had assumed 
they were gazing at a star. Herschel 
believed it to be a comet. 
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43 Discovery of Uranus 





This baffled his fellow astronomers. 
They pointed to a lack of a coma 
and said a comet that bright would 
be moving more quickly. When 
astronomers began to look more 
closely at the object's orbit (not in its 
entirety, it has to be said, since it takes 
84 years to complete one), they were 
able to conclude only one thing: that 
it had to be a planet, the seventh to be 
spotted in the Solar System. 

In 1783, Herschel wrote to the Royal 
Society president Joseph Banks and 
confirmed that he too believed it to be 
“a Primary Planet of our Solar System, 
and so it became the first to have been 
discovered with the aid of a telescope. 
Uranus’ rings were discovered in 1977. 


fiery solar wind 


mayen the Soviet craft made the 


Solar flares - a sudden release of 
electromagnetic radiation - were 
observed in 1859 by astronomers 
Richard C Carrington and Richard 


Hodgson but it would later be found 


that they were not the only events 


occurring close to the Sun's surface. 


Geomagnetic surveys carried 
out by Kristian Birkeland showed 
almost uninterrupted auroral 
activity and in 1916, he suggested 


that solar rays consisted of negative 


electrons and positive ions. It lent 
weight to a theory that British 
astrophysicist Arthur Eddington 
had skirted with in 1910 - that 
there was a near continuous and 


multidirectional outflow of gas from 
the Sun. That was confirmed in 1959 





first ever direct observations and 
measurements of the solar wind, 
noting the charged particles that 
were being emitted. 

We now know that this happens 
because the corona, the final layer 
of the Sun's atmosphere, heats 
to as much as 2 million degrees 
Celsius (3.6 million degrees 
Fahrenheit), which weakens the 
Sun's gravitational pull on the 
particles and allows them to stream 
away. Where there are coronal holes 
there is higher solar wind velocity. 
All of this would cause damage to 
Earth was it not for the shielding 
magnetic field around our planet, 
which directs the particles away. 
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41 Stars explode with 
exotic gamma rays 


Gamma ray bursts were discovered in 
1967 by the Vela satellites, which were 
sent into space to detect covert nuclear 
weapons tests. Even though the bursts 
can last for as little as a fraction of 
a second to just a few minutes, it 
became apparent after years of study 
that the intense beams of radiation 
were not only coming from other 
galaxies, some of which are very 
distant, but appeared to occur when 
stars exploded at the end of their lives. 
When a massive star, many times 
the mass of the Sun, runs out of fuel, 
collapses under its own weight and 
creates a black hole, some energy is 
released as highly-focused gamma rays 


- the most powerful form of radiation - 
that breaks free in opposite directions 
from the star's north and south poles, 
before driving through the cosmos at 
close to the speed of light. The star 
later explodes as a supernova. 

In 2013, astronomers discussed 
three unusually long-lasting stellar 
explosions that produced high- 
energy emissions for hours. It was 
envisioned that it came from a star 
similar in size to the Sun but around 
20 times its mass. One seven-hour 
gamma ray burst was thought to have 
marked the death of a blue supergiant 
that contained modest amounts of 
elements that are heavier than helium. 


www.spaceanswers.com 


There are lakes a 


There had already been a theory in 

the late 1960s that Titan would have 
seas and lakes, but it took data from 
Voyager 1 and 2 and direct evidence 
from the Hubble Space Telescope in 


1995 to begin affirming those hunches. 


Even so, when Cassini-Huygens 
unmanned spacecraft launched in 
1997, the information it would yield 
would blow astronomers away. 

Huygens was the first probe to 
land on Saturn's moon, touching 
down within a dry plain in 2005 and 
giving astronomers their first taste of 
their target world. The rounded rocks 
showed that some kind of fluid had 
once flowed there but it was data 
from the Cassini orbiter that was most 
remarkable, uncovering methane- 
ethane lakes and the river channels 
that feed them. 

None of the lakes could possibly 
hold flowing water, the -180-degree- 
Celsius (-292-degree-Fahrenheit) 
conditions on Titan forbids that, but 
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there are water-like cycles of the 

type we see on Earth with methane 
evaporating into the atmosphere 
where it is converted into ethane by 
sunlight. The lakes and seas are also 
mappable. With more in the north 
than in the south, hundreds have been 


nd seas on Titan 
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observed so far and each of them 
has been given a name. Who knows, 
as one of the least hostile bodies in 
the Solar System and talk of humans 
perhaps one day living there, maybe 
they'd be the perfect place to take out 
a boat. Or not, as it is more likely. 


39 A baby planet in 
the process of forming. 




















What space 
objects are really 
made of 


We have long known about the 
spectral nature of light: Isaac Newton 
showed in 1666 that the Sun's white 
light could disperse into a series of 
colour when shone through a prism, or 
the spectrum, as he called it. 

Yet things became very interesting 
when it was discovered that the 
energy given off by matter also emits 
light, and that by using heat it was 
possible to break down chemical 
bonds and study the resulting 
spectrum for small amounts of an 
element. This was made possible 
because of the way dense gases or 
solid objects radiate heat through 
light production. 

This discovery has, therefore, been 
successfully applied to space objects. 
Scientists have been able to use line 
spectra to discover new elements 
such as rubidium, which would not 
otherwise have been spottable. It has 
also allowed scientists to figure out the 
composition of the Sun by studying 
the absorption lines in its spectrum. 
This led to some fundamental 
discoveries including the finding of 
helium at 587.49 nanometres in the 
spectrum of the Sun. 
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discovery of space 


| NSEC ace ystevsnsecw ee tesM Or Cele MIs erm iceTetel 
‘looked through the Keck II telescope in 2011, 

| they saw an exoplanet called LkCa 15 b, located 
years away in the Taurus-Auriga star 

forming region. Not only did they note it was the 

size of Jupiter, they saw it in the process of active 

accretion - the first time such a thing had ever 

been observed. It was a remarkable discovery, 


made all the more amazing four years later 
when it was captured in an image via the Large 
Binocular Telescope and the Magellan Adaptive 
Optics System in Arizona. 

Astronomers hope it will allow them to learn 
more about how baby planets formed, making 
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for more accurate estimates of the age of other 
forming systems. The planet orbits a star known 
as LkCa 15 which is just 2 million years old. 

Scientists have also been able to disc a 
chemical footprints of superheated hydrogen 
gas coming from the protoplanetary disc that 
forms around young stars, with Stephanie 
Sallum, a University of Arizona astronomy 
graduate, saying it provided the first opportunity 
to directly study planet formation and disc- 
planet interactions. As the planet grows and 
potentially creates rings and gaps, astronomers 
will be able to discover much more about the 
early years of formation. 





magnifying glasses 
After years of theorising, the universe was finally found 
to have a cosmic magnifying glass in 1979 when a team 
led by Dr Dennis Walsh of the University of Manchester's 
Jodrell Bank Observatory discovered the first example of a 
gravitational lens. Dr Walsh was studying quasars and saw 
that the light from one object was being deflected around 
a closer object. It made the faint quasar appear brighter 
and more visible, an effect that has since allowed 
astronomers to look farther into space and enabled 
the study of brown dwarfs, red dwarfs, black 
holes and planets around other stars. It's 
also proven very useful in the 
search for dark matter. 
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36 The early Solar System was 
bombarded with thousands of space rocks 


The Solar System began to form about 
4.6 billion years ago in a wispy cloud 
of gas and dust. A relatively short time 
later - between 4.1 and 3.8 billion years 
ago - a large number of asteroids are 
said to have collided with the early 
terrestrial planets, causing mammoth 
craters in many of the newly formed 


(the Nic model posits orbital migration 
of the gas giants), this has been called 
the Late Heavy Bombardment and it 
was a time of utter galactic chaos. 
Evidence for this was discovered in 
lunar samples brought back by Apollo 
astronauts, but although this was a 
period of intense turmoil for the early 


Solar System, it would also appear 
that around the time the Moon was 
formed 4.5 billion years ago, the Solar 


bodies. Thought to be caused by 
Neptune being catapulted outwards 
and colliding with a ring of comets 





Stars can 
@ 
orbit black holes 
In 2013, a red dwarf star with a mass one-fifth 
that of the Sun was seen to orbit a black hole named 
MAXI J1659-152 once every 2.4 hours, travelling at 2 
million kilometres (1.2 million miles) per hour. Black 
holes have long been known to have mass, which 
causes a gravitational force affecting objects nearby. 
This was seen within the binary star system Cygnus 
X-1, discovered in 1962. While faint blue, supergiant 
primary star HDE 226868 emitted visible light, 
its companion did not and it was later 
concluded that HDE 226868's 5.6-day 


orbit was actually around a 
black hole. 
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System was also blitzed by thousands 
upon thousands of tiny space rocks, or 
planetismals. 

This, according to researchers at 
Massachusetts Institute of Technology 
in December 2014, kicked up clouds 
of gas here on Earth and led to the 
permanent ejection of small portions 
of the atmosphere into space. It may 
well have done the same for the 
atmospheres of Venus and Mars, too. 









Voyager 2 and Voyager 1 set off on 
their respective journeys to study 
the Solar System in August and 
September 1977 but they continue 
to shed new light on the universe 
even today. Having now travelled 
farther than any object in history, 
they have been able to make some 
extraordinary discoveries in far- 
flung locations, with one discovery 
taking place on the edge of the 
heliosphere in a region called 

the heliosheath. 

The heliosheath acts as an 
effective border between the 
Solar System and the rest of the 
Milky Way and the probes, to 
the surprise of scientists, began 
to measure abrupt changes in 
the flow of particles within that 
space as they glided 14.4 billion 
kilometres (9 billion miles) from 
Earth in 2007 and 2008. 

Scientists discovered that 
Voyager 1 and Voyager 2 were 


35 Ice giant 
Neptune is found 


Astronomer Galileo Galilei observed 
Neptune in 1613 but is said to have 
dismissed it as an 8th magnitude star 
and put it to the back of his mind. 

French mathematician Urbain Le 
Verrier was asked to look into the 
problem of why the astronomical 
observations of Uranus showed an orbit 
at odds with Newton's laws of gravity. 
Uranus, discovered in 1781, was being 
pulled slightly out of its orbit and Le 
Verrier concluded on 1 June 1846 that it 
must be due to the influence of another 
planet further away from the Sun. 

He calculated where in the sky this 
planet should be and asked Johann 
Gottfried Galle at Berlin Observatory 
to search for it. On 23 September 1846, 
Galle located it, one degree away from 
where Le Verrier said it would be. It 
was the last true planet to have been 
discovered in the Solar System. 
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bubbles beyond the Solar System 


also seeing different changes at 
different times, which proved 
rather puzzling. To explain this, 
they theorised that the Sun’s 
magnetic field was extending to 
the edge of the Solar System and 
iW aEcLemc} DRC@cM A CoMOLOHS MS) B)DRISMm Gal =m aCe (el 
was twisting and reconnecting. 
Computer simulations then 
found that, as a result of this, the 
probes were actually travelling 
through huge bubbles 170 million 
kilometres (100 million miles) 
wide and, as each one entered 
and exited a bubble, they were 
measuring sudden changes. 

It was an eye-opening discovery 
and it has led to many suggestions 
for the use of the magnetic space 
bubbles. One of the most favoured 
suggestions was put forward by 
Merav Opher, of Boston University, 
who believes that the bubbles trap 
cosmic rays and so act as a first 
line of defence. 
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The crater that points tO 
extinction of the cTheteS 


Question marks have hung over the fate 


of the dinosaurs for decades but it now 
seems more likely that it was caused 
by the impact of a 9.7-kilometre (six- 
mile) wide asteroid or comet. Scientists . 
Luis and Walter Alvarez first made the 
suggestion in 1980 and further research 
pointed to a 177-kilometre GuTeE vio) 
wide crater off the Yucatan coast of 
Mexico in Chicxulub. The theory became 
known as the Alverez hypothesis. i 
Despite this, there had been some 
doubt. It ET cCSe GT idale) est 
impact had taken place many tens 
of thousands of years before or after 


the dinosaurs became extinct. This _ =) . 


to embark on a three-year study, to fin 


uncertainty prompted scientists Fie cap 
the exact date that the Foes meena 
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The heaviest 
stars in the 


When the nuclear furnace at the core 
of a star runs out of fuel, those which 
are more than eight times the mass of 
the Sun violently explode in dramatic 
style. These type II supernovae begin 
to swell, ejecting material outwards at 
great speeds until they blow, leaving 
behind a collapsed central core that 


becomes either a neutron star or a a 


black hole. But why does this happen? 
Hydrogen fuel begins to run out 
within the star, causing its expansion 
and producing an ever-hotter core, 
which begins to use helium to make 
carbon and oxygen. Nuclear reactions 
create elements that are increasingly 
heavy and the core builds up with 
iron and becomes unbalanced. As the 
nuclear fusion reactions cease their 
outward push of pressure, it exerts 
so much gravity that it pulls the star 
inwards. When the iron core collapses, 
the star explodes. We've known about 
supernovae since 185 CE - when 
Supernova SN 185 was observed by 
Chinese astronomers - but we began 
to find out more about which red 
giant stars exploded and which did 
not due to Fred Hoyle's concept of 
nucleosynthesis from 1946. 
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“volcanic eruptions at the Deccan Mc: \o\e 
in India. The key now is to prevent the 
same thing from happening to us. 
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Dwarf planet 
epi lel 


On 1 January 1801, Sicilian astronomer 
Giuseppe Piazzi saw a faint object that would keep 
astronomers busy for a further 215 years. At first Piazzi 
thought the body was a fixed star until he saw that it 
moved. He then concluded that he was actually staring 
at a planet 4.8 million kilometres (3 million miles) away 
in the space between Mars and Jupiter. Other bodies 
were found in the same region, adding Pallas, Juno 
and Vesta to a group of what would come to be 
called asteroids. Seen as round by Hubble 
and emerging as the largest body in the 

asteroid belt, it was promoted to 


dwarf planet in 2006. 












Europa has an 
underground ocean 


Evidence that Europa has an ocean 
beneath its icy shell began in the 1960s 
when it was observed that its surface 
composition was mainly water ice. The 
flybys of Voyager 1 and 2 in the early 
1970s allowed for detailed imaging 
of the moon, while the 1989 Galileo 
mission revealed Europa’s magnetic 
field was disrupted, indicating a deep 
layer of electrically conductive fluid. 
Today we believe the moon's 
ocean could run as deep as 100 
kilometres (62 miles) and there may 
be twice as much water on this 
small body than on the whole of 
Earth. There is evidence that the 
moon's smooth surface is a result 
of a fascinating “healing” process - 
after comets and meteorites hit, the 
underlying water rises to the surface 
and freezes in temperatures as low 
as -160 degrees Celsius (-256 degrees 
Fahrenheit). A mission to explore 
Europa is due to launch in 2022. 
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Isaac Newton's third law of motion 
says that every action produces an 
equal and opposite reaction, and it was 
with this firmly in mind that Robert 
Goddard realised rockets would work 
perfectly well in the vacuum of space. 
The accepted wisdom was that a 
rocket would need air against which 
it could react but Goddard worked 
out a system that would adhere to 
the relation of action to reaction by 
allowing the rocket’s engine to work 
against itself. 

In 1912 he explored the use of rocket 
propulsion to reach high altitudes, 
eventually devising the rocket engine, 
Which only needed enough solid or 
liquid fuel to push on the exhaust with 
enough power to propel it forward. 

It's a very different way of working 


Rockets of the 


2ist century 


>100 


Payload (per 1OOOkg) 
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3,100kg 20,700kg 
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Titan Il Proton Saturn1B Titan llIIB Saturn V 
1964-1966 1965-Present 1966-1975 
21,000kg 







Rockets work 
ina vacuum 


when compared to a jet engine, which 
needs air, and while the principle 
behind this was actually used some 
centuries before Newton was actually 
born (NASA says rockets were used in 
China in the 1200s for fireworks but 
they were, of course, not being shot 
into space), Goddard's method proved 
to be revolutionary. 

Goddard constructed and tested a 
liquid fuel rocket on 16 March 1926 
with the fuel burned and hot exhaust 
gases expelled at high velocity, and he 
outlined his intentions of producing 
a rocket that would be capable of 
reaching the Moon should it be 
required. He shot a scientific payload 
in a rocket flight in 1929 but, more 
importantly, helped pave the way for 
Space exploration. 





1966-1987 1967-1973 
3,300kg 127,0000kg 


beta 


STS 
1981-2011 
24,400kg 


Titan!IV Deltall ArianelV  Atlasil ArianeV  Atlasill 
1989-2005 1989-2011 1990-2003 1991-2004 1996-Present 2000-2005 
17,000kg 5,089kg 7,600kg 6,580kg 21,000kg 8,640kg 
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AtlasV  DeltalV- DeltalV Falcon] Vega Falcon 9.1 
2002-Present 2003-Present Heavy 2006-2009 2012-Present 2013-Present 
12,500kg § 9,420kg 2004-Present 180kg 1500kg _—'13,150kg 

28,790kg 
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27 How the Moon was made 


First of all, the Moon is not made of 
green cheese, contrary to the popular 
proverb from 16th and 17th century 
English literature. As of 2001, the 
giant-impact hypothesis, proposed in 
the 1970s, has emerged as the most 
likely explanation of how the Moon 
was made. It says an embryonic world 
called Theia, which grew to the size 
of Mars, formed in the same orbit as 
a protoplanetary Earth but, due to its 
size and mass, eventually crashed 
into our planet at an oblique angle 
around 4.5 billion years ago. It not 
only destroyed Theia but it carved 


away a portion of the Earth's silicate 
mantle. As the pieces made their way 
into outer space, gravity caught hold, 
bringing the debris into Earth's orbit, 
mixing them together into clumps. 
Eventually a body the size of the 
Moon was created. 

In 2014, and in support of this 
theory, Daniel Herwartz of the 
University of Gottingen and his team 
looked at lunar rocks collected by 
Apollo astronauts and found that 
differences in the isotopic makeup of 
Earth and the Moon pointed to the 
latter being made of 40 per cent Theia. 





26 Enceladus shoots geysers 


The unmanned Cassini spacecraft, 
which was sent on a seven-year 
journey to Saturn in 1997, first spotted 
geysers on the moon Enceladus 
in November 2005. Liquid water 
reservoirs were seen to erupt from four 
linear depressions in the body's south 
polar region, known as tiger stripes. 
These icy jets were ejecting particles 
at high speed, causing excitement 
among scientists, as it broadened the 
diversity of potential life-sustaining 
environments within the Solar System. 
Since that observation, evidence 
has emerged pointing to the geysers 
extending down to an ocean of salty 


liquid water beneath the moon's icy 
Shell. Indeed, a seven-year study 
culminating in 2014 identified 101 
distinct geysers erupting from the 
tiger stripe fractures. And since they 
were coincidental with small hot spots 
of the right size to be the result of 
condensation of vapour, it pointed to 
them having deep roots. 

Interestingly, output from the 
geysers has been found to have fallen 
by as much as 50 per cent over the 
past 10 years, opening up a new 
mystery. We're soon to find out more 
as Cassini flew through the geysers in 
October to collect samples and images. 
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25 Discovery of Pluto 


American astronomer Percival Lowell 
had predicted the existence of a planet 
beyond Neptune in 1905 but it would 
not be until 1930 that proof of the 

3 » so-called Planet X was finally found. 
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» at the Lowell Observatory with his 
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) and ten months later, he struck gold. 
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st veral nights apart. He then used a 
blink comparator, a piece of viewing 


differences between two images of the 

“night sky - a technique which, on 18 

_ February 1930, allowed him to finally 
‘spot a planet-like body. The discovery 
Was announced three weeks later, on 13 
March, and the name Pluto - suggested 
by an 11-year-old schoolgirl called 
Venetia Burney - was adopted on 1 
May. It was greeted with widespread 
excitement as astronomers looked to 
find out more about this mysterious 
planet and look for evidence of more 
bodies, and it eventually led to the 
ground-breaking New Horizons mission. 

Despite that, Pluto was re-classified 

as a dwarf planet by the International 
Astronomical Union in 2006, following 
the 2003 discovery of Eris and the 
observation of other smaller-sized 
bodies in the Kuiper Belt. That put the 
number of planets back down to eight 
but Caltech astronomer Mike Brown 
has recently put forward evidence for a 
replacement that he is calling ‘Planet 9’. 
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After measuring the a of an reel ee 4 (ate 
astronomers came to a startling but depressing 
conclusion: the universe is slowly dying. The energy 
today, they found, is half of what it was 2 billion years 
ago. According to astronomers of the Galaxy and Mass 
Assembly Project (GAMA), the fading has been occurring 
across 21 wavelengths, from ultraviolet to the far infrared. 
The problem has arisen as the energy-making process 
of the stars, which convert their mass into energy 
as noted in Einstein's equation E=mc’, has been 
diminishing. Head of the GAMA team Simon 
Driver, predicts: “The universe will 
decline from here on in, sliding 
gently into old age.” 


Unconvinced that the Sun was 

a simple roaring ball of fire, the 
English astronomer, physicist and 
mathematician Arthur Eddington 
proposed that stars were actually 
powered by fusion. He said the 
fusing of small nuclei to produce 
large amounts of energy provided 
the energy source that powered the 
. § stars. He went on to explain that the 
Sun was able to shine by converting 


shine for 100 billion years before the 
fuel for this energy ran out. 

Over the years, scientists have 
built upon this theory and it is now 
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hydrogen atoms to helium, and that it 
would allow the Solar System's star to 
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Stars make 
radio waves 


When Karl Jansky was tasked with 
using his radio receiver to study 
radio frequency interference from 
thunderstorms, he thought he would 
only discover what was causing such 
great interference with his employer's 
transatlantic transmissions. Never 
in his wildest dreams did he think 
that his experiments in 1932 at Bells 
Telephone Laboratories would make 
him the original “radio star” 

His initial findings had confirmed 
some hunches: much of the static 
was indeed attributable to the storms 
near and far. But the existence of 
some extra background noise was 
proving harder to explain. He studied 
this long and hard and realised that it 
seemed to be coming from the Sun. 
It followed, what appeared to be, a 
24-hour cycle or, to be exact, a cycle 
of 23 hours and 56 minutes. Since this 
was a characteristic of fixed stars, it 
led to a startling conclusion. Jansky 
realised that the radiation was actually 
coming from the centre of Milky Way 
and that stars were emitting energy 
in the form of not just light waves, but 
radio waves. Still, his findings were 
largely ignored. It took fellow engineer 
Grote Reber to pick up the discovery 
using a 9.6-metre (31.4-foot) diameter 
telescope for it to be recognised. 


Stars are powered by fusion 


accepted that the Sun has a dense and 
highly-pressurised core within which 
hydrogen atoms smash into each other 
at speed, fusing the nuclei to produce 
heat and helium. This sends energy 
outwards, causing photons to bounce 
around the Sun's 289,000-kilometre 
(185,000-mile) thick radiative zone 
before making their way to the 
convective zone where they move 
along to the surface. 

Only when the hydrogen begins to 
run out do other fusion reactions take 
place and this leads to a change in 
the star: when the nuclei of elements 
heavier than iron are formed, for 
instance, supernovae are created. 
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For 45 years, physicists searched in 
vain for the elusive Higgs Boson, the 
17th piece of the Standard Model of 
theoretical physics, which rules how 


particles that make up all of the atoms, 


molecules and matter of the universe 
should interact. Cern scientists went to 
extraordinary lengths to work out how 
the particles gained their mass, going 
as far as building the 27-kilometre 
(16.8-mile) long Large Hadron Collider 
(LHC) some 100 metres (330 feet) 
beneath the French/Swiss border. 

But while it took around a decade 

to complete and cost $4.75 billion 
(approximately £3.39 billion), on 4 July 
2012, it yielded the result they had 
been hankering for. 


The 





———s 


| a PTedalest GISCOVET 


= 


' 
: 


Discovery of the 


Higgs boson 


The LHC is a particle accelerator 
containing 9,300 magnets cooled to 
-271.25 degrees Celsius (-456.25 degrees 
Fahrenheit) and capable of smashing 
two beams of protons together at 
close to light-speed. By creating large 
numbers of particles during this 
crash, physicists wanted to see a trail 
of evidence pointing to the existence 
of Higgs - proposed, incidentally, by 
Peter Higgs in 1964. The data showed 
evidence of a particle weighing 125.3 
gigaelectronvolts, meaning its mass is 
133 times that of a proton. It pointed 
to the discovery of a new particle, and 
while there is still much work to do, it 
has brought us closer to unlocking the 
secrets of the universe. 
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What is the Higgs boson? 


mass after the Big Bang. Two types of particle comprise the 
cosmos, which are governed by fundamental forces 


Fermions 
This type of particle is the building block of matter 





Finding the Higgs explains how particles in the universe acquired 


i and encompasses electrons, down quarks, etc 
a , Atom 
aa All matter is 


made of atoms. 


h ! Matter 





2 Electron 
Subatomic particle with a 

negative elementary charge, 

which orbits the nucleus. 
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Nucleus 
The centre of an atom, comprised of 
positive protons and neutral neutrons. 
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Protons and neutrons Up and 
These subatomic particles raven 
are comprised of up and URAC 


down quarks. 





Bosons, which are protons, Z bosons, etc, 
give rise to the forces that affect fermions 


we 


W and Z bosons 
These bosons are 
responsible for the 
weak force, which 
causes particles to 
decay and change. 


Photon 
Photons are 
responsible for 
electromagnetic 
force and 
transmit light. 


Gluon boson 
The Gluon causes 
the strong force, 
which keeps an 
atom’s nucleus 
together. 


Sub-atomic particles often vary in mass, 
thanks to collisions with the Higgs boson 


Photon Electron Down quark 
O mass 0.0005 GeV 0.01 GeV 
GeV = Gigaelectronvolt Particles not to scale 
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Graviton boson 
This boson still 
needs to be found. 
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One of the problems with mapping 
the Milky Way is that we are inside 
it, making it difficult to get an overall 
picture of its shape. But when Harlow 
Shapley studied. globular clusters 

- spherical collections of stars - he 
began to form a picture of the overall 
shape of our galaxy. As time went 

on and radio telescopes, which could 
penetrate dust, became widely used, 


it would be discovered that our galaxy. 


was spiral rather than elliptical as 
was first thought. As well as putting 
the Milky Way in the same pot as 
two-thirds of all known galaxies, the 
studies also showed that Earth was 
about two-thirds of the way out from 
its centre. 


is round 


The idea of a spherical Earth dates 
back to Ancient Greece and is typically 
credited to Pythagoras who made 

his discovery having observed lunar 
eclipses in the 6th century BCE. 

Since then - and with the belief that 
Earth was flat dispelled - the spherical 
nature of Earth has been documented 
many times over the following 
centuries. It's allowed us to better 
understand our planet and explore 
Earth and space more effectively, 
as scientists can better devise their 
theories before venturing skywards 
in a bid to confirm their validity. Of 
course, once astronauts viewed Earth 
from the height advantage of a 
spacecraft, the theory of a 
round planet was proven 
to be entirely correct. 

Yet, interestingly, we've 
come to realise our 
planet is an irregularly 
Shaped ellipsoid with a 
bulge at the equator. 
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about the specifics of the spirals. Only 
in 2005 did observations from the 
Spitzer Space Telescope confirm the 
Milky Way was a barred spiral galaxy, 
which means that it has a rectangular 
block of stars at its centre rather than 
a sphere. And only last’ year did more 
of the blanks of the spiral map of the 


_ Milky Way begin to be filled. 


Data from NASA's Wide-field Infrared 
Survey Explorer found more than 400 
dust-covered nurseries of stars tracing 
the shape of the spiral arms. This, says 
NASA, supports the four-arm model of 
the Milky Way's spiral structure and it’s 
within those arms that most stars in 
the galaxy are born. 





18 There are active volcanoes 
on the surface of another world 


Linda Morabito began work at Jet 
Propulsion Laboratories in 1974 but her 
opportunity of a lifetime came five years 
later when she became the cognisant 
engineer of the Optical Navigation 
Imaging Processing System, where she 
assisted in the navigation of Voyager 1. 
On 9 March 1979, she was processing 
images from the craft and spotted a large 
crescent-shaped anomaly just off the rim 
of Jupiter's moon Io. Investigating deeply, 
she believed that what she was seeing 
was consistent with volcanic activity. The 


following Monday, it was confirmed. 
The image was a 270-kilometre (170- 
mile) tall cloud and it was the first time 
active volcanism had been detected 
outside Earth. Today there's absolutely 
no doubt that Io has volcanoes. 

Each time a spacecraft has passed, 
volcanoes have been observed. We now | 
know Io has over 150 active volcanoes, 
with predictions of around 400 in total. 
Yet it is by no means unique. Saturn's 
moon, Enceladus and Neptune's moon, 
Triton are also volcanically active. 


17 Finding the most 
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The number of known planets in the exoplanet of terrestrial mass thought 
universe exceeds 1,700, although a to orbit within the star's habitable 
computer simulation run by astronomer zone, the so-called Gliese 581d was 
Erik Zackrisson from Uppsala found to have a mass seven times 
University in Sweden, shows there that of Earth and, in theory, it could 
could be as many as 700 quintillion have an atmosphere and liquid ocean. 
planets in the universe. Of those, he More recently, evidence has built 
SE NAMm A eK @o10N (Gm b\omale)elom>.¢- el UaMNl ce up that shows it could exist, and 
Earth but astronomers have, to date, it's important to establish the truth 
found some Earth-like planets. of this planet because the find was 

In 2007, a planet orbiting the star a benchmark case for the Doppler 
Gliese 581 some 20.4 light years away, — technique - the indirect method used 
was discovered to be the first super- to find extrasolar planets by analysing 
Earth. Although it was greeted with the motion and properties of the star 
some doubt it caused excitement. Asan and planet. 


www.spaceanswers.com 








250 eRORteCt discoveries of all rita 


Galaxies esc te ae 


Lenticular galaxies 
aU intermediate galaxies are 
between the elliptical and the 
spiral. They have a bulge, but no 
SEV eabCemelKes 
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Elliptical galaxies 
Ellipsoidal in shape, these galaxies 
are 3D in shape. They are the most 
abundant type of galaxies in the 


universe. The lower the number, the 
. more spherical the galaxy. - 
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In 1933, Swiss astronomer Fritz Zwicky correctly 
argued that what we could see in the universe wasn't quite 

everything that was there. In his study of the Coma Cluster 

in the 1930s, he noted the rapidly-moving galaxies did not 

have enough visible matter to provide the necessary gravity to 
hold them together, and so looked to discover what was keeping 
them from tearing apart. His studies were not immediately 
seized upon until astronomer Vera Rubin was measuring the 
velocities of stars in other galaxies in the 1970s. She found 
that single galaxies as well as clusters also had hidden mass. 
Rubin believed something else must provide the gravity. 

That something is dark energy and dark matter that, 
combined, form a staggering 96 per cent of the 

universe (with everything that we can see 
anreVqneremelo Maslow ncuner-UeniiarcwmcOlens 
per cent). 







































The first 
pulsating star 


Pulsating stars first came to light in 
the dead of night on 28 November 
1967 but the discovery was to go on 
to be mired in controversy. Student 
Jocelyn Bell Burnell was the “star 
pupil”, being the first to observe and 
precisely analyse the pulsars. 

Bell Burnell’s discovery was 
extraordinary. What she had seen 
were unusual radio pulses emanating 
in rapid, regular bursts from a single 
point in space. After a month of 
work and attempts to figure whether 
there was something wrong with the 
telescope, a second pulsar was found. 

It was concluded that they were 
highly magnetised rotating neutron 
stars formed from the remains of 
massive stars after they had exploded 
into supernovae. They provided the 
first evidence that Albert Einstein's 
theory of gravity was correct. 
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Spiral galaxies . 


The spiral galaxy consists of a flat rotating | 

disc of stars, gas and dust as well as a central 
concenttation of stars known as the bulge. Spiral 
galaxies can be found to have a bar, which appears 
to lace through the centre and link the arms. 
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Supermassive ~ 
black hole 


In the centre of massive galaxies are 
supermassive black holes that most 
likely formed from the collapse of 
huge clouds of interstellar gas. As 
with “regular” black holes, which have 
a mass of up to 20 times that of the 
Sun, gravity pulls so strong that even 
light is unable to get out. The big 
difference is that supermassive black 
holes can have a mass equivalent of 
as much as 100 million Suns. 

In 1971, Martin Rees and 
Donald Lynden-Bell, astronomers 
at the University of Cambridge, 
hypothesised the existence of a 
supermassive black hole hiding in the 
centre of the Milky Way. Three years 
later, AMerican astronomers Bruce 
Balick and Robert Brown discovered 
a compact and variable radio source 
in the heart of Sagittarius A, which 
they named Sagittarius A*. It was a 
remarkable discovery pointing to 
evidence of a supermassive black hole 
in that location and, since then, it has 
been conclusively shown to be the 
galactic centre around which the rest 
o)imds tomer lb eye corel tae 
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The Earth has a 
magnetic field 








13 A galaxy 
Straight after 
the Big Bang 


When we look into the night sky, the 
galaxies that can be seen are a glimpse 
into the past. The light from them 
takes billions of years to reach us so 

it is possible to discover and observe 
primordial galaxies very close to the 
Big Bang (in relative terms, at least). 

In May 2015, a galaxy named EGS- 
ZS8-1 was found at Bootes and it was 
thought to be the most distant and 
oldest of all the observed galaxies. Yet 
just two months later, another galaxy 
- EGSY8p7 - was observed. The light 
from this galaxy had taken 13.2 billion 
light years to reach Earth. It means 
that the mass of stars being observed 
existed just 600 million years after the 
Big Bang, a figure based on our current 
understanding that the universe is 


The effects of the Earth's magnetic 
field have been known for more 
than 2,000 years, although it was 
some time after that when scientists 
figured out that the power was 
coming from convection currents 
produced by the churning motions 
of hot iron liquid at the planet's core. 
Without the magnetic field, there 
would be no way of deflecting the 
charged particles streaming out 

of the Sun in the form of the solar 
wind. The magnetic field, therefore, 
offers Earth's atmosphere much- 
needed protection. 

In 1906, our knowledge of the 
Earth's magnetic field took a step 
forward. French geologist Bernard 
Brunhes had been studying samples 
of volcanic rocks taken from a 
sparsely populated region of France 
called the Auvergne. When he tested 
those rocks, he noticed some of 
them contained iron particles, which 
had magnetised in the opposite 
direction to the current pole when 
the lava cooled. Knowing that molten 
lava preserves a snapshot of Earth's 
polarity when it cools, it led to the 
discovery that the Earth’s magnetic 


field can flip. North had become 
south, and it turned perceptions of 
our planet on its head. 

The Earth is said to flip its poles 
every few hundred thousand years, 
although at some point in the distant 
past it was flipping every five million 
years - it last happened 780,000 


North magnetic pole ®@ 
At this pole of Earth's 
Northern Hemisphere, the 
planet's magnetic field points _ 
vertically downwards. — 
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; 
The point in the Southern 
Hemisphere where the 
Earth's axis of rotation 
meets its surface. 
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years ago. There's 
a chance it could happen in our 
lifetime as the magnetic field has 
been fading for 200 years - a sign 
that it could collapse and reverse. If 
it does, the weakened geomagnetic 
field could adversely affect power 
grids and the navigation of animals. 


® Geographic North Pole 
The point in the Northern 
Hemisphere where the 
Earth's axis of rotation meets 
its surface. 






——— B® Poles apart 

| ~~ ~The geographic and 

_ magnetic poles are 
“— separated by an © 

“angle of around 11.5°. 


® South magnetic pole ~ 
At.this pole of Earth's Southern 
Hemisphere, the planet's magnetic 
field is directed vertically upwards. 


13.82 billion-years-old. 


universe's 
first stars 


Massive, short-lived stars formed 100 million years after 
the Big Bang in small protogalaxies. Providing immense heat 
and ionising surrounding gases, they would have provided 
the necessary bridge towards heavier elements, such as oxygen, 
nitrogen, carbon and iron. Called Population III stars, they would 
have formed from the hydrogen and helium prevalent in the 
early universe, and created other elements within themselves 
via nuclear fusion. Their deaths would have resulted in 
huge explosions, providing the necessary material for 
the next generation of stars. Scientists observed the 
galaxy CR7 in June 2015, and said its stars had 
every characteristic expected of Population 
III stars and formed in waves, just 
as predicted. 





10 Radiation that 
proves the Big 
Bang theory 


Radio astronomers Arno Penzias and Robert 

Wilson accidentally discovered Cosmic Microwave 
Background (CMB) radiation in 1965 as they were 
scanning the sky using the Holmdel Horn Antenna 
in New Jersey. They were trying to find invisible light 
waves but background interference kept hampering 
their work, leading them to try all manner of ways 
to eliminate the issue. With the signal remaining, 
the pair threw up their hands and came to an 
astonishing conclusion: the interference was coming 
from somewhere outside of our galaxy. They passed 
the data to other astronomers and were startled to 
hear that it was most likely the last remnant of light 
from the Big Bang. 

The radiation had taken roughly 13.72 billion years 
to reach Earth, having originated 378,000 years 
after the Big Bang (the moment when photons could 
travel freely). The discovery of this almost-uniform 
background of radio waves has helped astronomers 
work out the composition of the universe and 
even led to the hypothesis of dark matter and dark 
energy. Today, CMB radiation is being mapped by the 
European Planck mission, which launched in 2009. 
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8 Galileo discovers the 
moons around Jupiter 


In 1610 Galileo Galilei thought he had Earth, yet discovering four moons in 
caught sight of three stars in a line motion around Jupiter showed there 
close to Jupiter. That excited the Italian could be other centres of motion. 

astronomer but it was only on closer 


observation that he noted something of the geocentric model of the Solar 


unusual. He expected Jupiter to leave the System and provided strong evidence 


three stars behind as it moved. Instead, that the Sun was at the centre of the 
the stars moved to the west of the planet, universe rather than Earth. Galileo 
were joined by a fourth and were carried was charged with heresy but was, of 


along with the planet - he realised they course, later proved to be correct. His 
were not stars but moons. It was believed work helped to separate science from 


that the Sun and the Moon orbited the philosophy and religion. 


Finding a way to throw Srcecec lie 


into orbit around planets. 


In 1957 the Soviet Union launched 
Sputnik 1 - the first artificial satellite 
sent into an elliptical low Earth orbit 
- and it not only sparked a Space Race 
with America (NASA was formed 

the following year), but it proved 

that humans had worked out how to 
throw a spacecraft into orbit around a 
planet. The Soviets followed up their 
impressive feat by sending spacecraft 
to the Moon. But it wasn’t until April 
1966 that the Soviet Luna 10 spacecraft 
orbited Earth's natural satellite - 
beating the US by four months. 

Sle) ae Pt yaM VE lene ae mem dele 
first spacecraft to orbit another planet, 
arriving at Mars in 1971. Mariner 1 won 
the race to Mars by a month. Without 
some complex calculations involving 
physics, orbits and gravitational pull, 
none of this would have been possible. 
Initial attempts relied on the work of 
Johannes Kepler who worked out that =~ ra, - Saeed | 
orbits were elliptical. But throwing i 
spacecraft into orbit around planets has 
had another benefit: we can now use 
gravity assist to speed up craft, save 7 
fuel and better travel from one planet | * 
to another. 
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BES oneciew ees enor Ome mini 
. that the atoms in our bodies have” 


Galileo's observations flew in the face 


| eels because they are akin to 


" exploded in death, the elements 





50 greatest discoveries of all time 


9: Tees made 
Rey 





saeco) arab ats in stars born more than +» 
4.5 billion year§ago. Indeed, once it 
was realised thdt the universe began 
Wit just hydrogen and a small dose # 
of helium, things fell into place. , 

More than 96 per cent of the ” 
human, body is made of hydrogen, 
oxygen, carbon and nitrogen. We 
also contain calcium, potassium, 
sulphur, magnesium, iron, Zimc; 
copper and CN other small 
Splat All except nN ancersicre] 

Sur Ces oC) ne Ua VN AE Hecae rile! 


nuclear eae Without the stars, 
we wouldn't Oe eee gL thé stars 
converted hydrogen to helium 
they*produced the stuff that meV Ces 
TroReltt a oveyel (as When.-those stars 


reached Earth and:provided the 
building blocks for life. So we 
oT eM aCceemee)ub em db cme 
stars as gur ancestors. 
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WCRI iat a= 
is 13.82 billion 
years old 


We would wish the universe a happy birthday if only we 
had a precise date to pin it down to. As it stands currently, 
we can only make very well-educated estimates based 
on the evidence we have before us, but scientists can now 
say with great certainty that it is 13.82 billion years old - 
100-million-years older than it was previously imagined 
to be. The figure was arrived at in March 2013 when 
the European Space Agency's Planck space telescope 
observed a billion points in the sky and produced 
a detailed map of the tiny temperature 
fluctuations in the Cosmic Microwave 
Background over the course of 
15.5 months. 





























There have long been high hopes of 
discovering life on Mars but while we 


still await that particular breakthrough, 


the quest to find running water has 
yielded much better results. In June 
2000, NASA imaging scientists using 
the Mars Global Surveyor (MGS) 
spacecraft observed features that 
pointed towards there being current 
sources of water at or near the Red 
Planet's surface. The images appeared 
to show gullies formed by flowing 
water as well as deposits of soil and 
rocks transported by those flows. 

Since then, further evidence has 
been found. In 2006, analysis of 
pictures taken by MGS revealed 
deposits that suggested water carried 
sediment through them at some point 
during that decade. Scientists became 
very excited last September when 
dark streaks photographed on steep 
slopes by the Mars Reconnaissance 
Orbiter during the planet's warm 
season were found. These streaks 
were formed by briny water flowing 
downhill, and are known as recurring 
slope lineae. Although flowing water 
has not been directly seen, it is the 
strongest evidence we have to date 
that Mars may not be as dry as it was 
once imagined to be, and that liquid 
water may still exist on the surface, 
albeit intermittently. It means the 
possibility of finding life on Mars has 
been heightened, but scientists eager 
to send Curiosity over for a closer 
inspection worry that the rover could 
be carrying microbes picked up from 
Earth. Discussions over the best way 
to proceed are continuing. 
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There are galaxies 
beyond the Milky Way 


PVetom bere 
is expanding 


Slipher in 1912 and combined it 
with his own observations. But 
there is no doubt that the paper 
was a landmark in PSE ifevntNd and 
the principle behind the discovery 
became known as Hiugjpble’s Law 
(which says relative velocity equals 
‘distance multiplied by Hubble's 
constant). Sincé then, th 
been other theories. 
expanding. Having looked at the Observations from the Hubble 
light from distant galaxies, he wrote Space Telescope - named in honour 
that they were not only moving in of the astronomer’s contribution 
space but that the further away they ™ to human understanding of space 
were, the faster they were receding. - revealed the universe is not 

Much has been written over only expanding but is speeding 
whether Hubble can actually lay up. Rather than gravity holding it 
claim to this discovery. Hubble back, dark energy is believed to be 
had drawn on data collected by causing it to accelerate, We are yet to 
the American astronomer Vesto discover quite Why a 


With the discovery of Other galaxies 
beyond the Milky Way, scientific 
perception of the universe had 
S}OToCeleyp va yarc4 ce) iin O\vacre) anon’ s(caKownel 
the region of a thousand million. 
Yet there was more to come from 
Edward Hubble. He published 


an important paper in 1929 that 
included the ground-breaking » 
observation that the universe was 





There was a time when astronomers 
believed the Milky Way to be the 
extent of the universe. It was only 
when Edward Hubble proved in 

the 1920s that it was merely one of 
many galaxies that attitudes began 
to change. Fellow astronomer Harlow 
Shapley had calculated that the Milky 
Way was 300 light-years in diameter, 
but Hubble theorised that the 
observable spiral nebulae were much 
further away. His hunch was correct, 
changing the way we looked at the 
universe forever. 

Hubble spent several months using 
the Hooker telescope at California’s 
Mount Wilson Observatory to focus 
on Andromeda, which, at the time, 
was the largest known spiral nebula. 
He was looking for exploding stars 
and he found three, noticing one 
brightened and faded predictably over 
the course of 31.4 days. It came to be 
called V1 (Hubble variable number 1) 
and, crucially, Hubble's subsequent 
measurements involving 36 variable 
stars in Andromeda found it was an 
eye-opening 900,000 light years away. 
Following this astonishing calculation 
(V1 was eventually reassessed as 
being 2.4 million light years away), it 
was posed that the Milky Way was 
certainly not alone and that V1 was 
in another galaxy. Hubble went on to 
discover more galaxies, and the vast 
nature of the universe soon became all 
too stark. 
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) The first alien — 


world 


Italian Dominican friar, philosopher 
and astrologer Giordano Bruno 


- proposed an infinite universe with . 


Stars surrounded by exoplanets and 
the potential for life away from Earth. 
p(Siaaal anes confirmation of an alien 
world outside of our Solar System was 
not found until 392 years had passed, 
following his death in,1600. 
The honour fell to both Polish 

astronomer Aleksander Wolszczan 

» and Canadian astronomer Dale Frail,. — 
who discovered a planetary system 


cy 





Tehels found : 


planets in its orbit. Since See 

He) (ONY Ce) el Come TULC mS SIL| yt (19 
regular and stable beam of ues 
electromagnetic radiation, lh 


detection.of a Sete b regula ai 
variation points towards the « Started ; 
of extrasolar planets. Se 


Two years later, a third plan a 
MAE Ceelelele bemaancesycci(aenl (a fou Taaee 
Barve in 1996, was retracted). Since 
nina more than 1,750 exoplanet 
been discovered, includi y i 
PERCE CNMI CE Ie Balm Cel 


* of Virgo, they were able Ont a tts 


found around a Serer Secrets om 
Wolszczan was awarded wee Beatrice 
Bie a saya adele 8 Tesaleetal 

* Astronomical Nyeletaiayaisl eet while. 
Frail was awarded a Guggenheim 
Fellowship in 2010. 


around a pulsar (a class of neutron 

- star) known as PSR B1257+12 iam ke)s2" 
Despite being located 1,000 light 
years from Earth in the constellation 


pulsar timing method to detect two 
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La C 
Finding exoplanets Exoplanets orbit other stars in the universe and there are various ways to find them 


1 Microlensing 


2 Direct imaging 
This relies on a star Direct imaging is a 
moving in front of difficult way of finding 
one that is being exoplanets but not 
observed. The light impossible: the first 
from the more distant ‘c ®@ 2) was discovered in 
star is bent around the 2004. As the name 
closer one, causing a suggests, it’s literally 
bright, large disc of taking a photo of 


light to appear, which what can be seen 
indicates the presence through a telescope 
of such a body to using either visible 


astronomers. Fda me) mnie] esyen 


Mirai 

This method seeks 
evidence of a planet 
passing between the 
parent star and Earth. 
The slight dimming 
that this will cause as 
it blocks the light not 
only tells astronomers 
there is a possible 
exoplanet, it indicates 
the size of the body 
and the orbital period. 


ea a0) rem ena 
When exoplanets 
orbit a pulsar, 

they will cause 

eR Ue Tease aT 
timing of the pulsars. 
By measuring the 
timing of the pulses 
and watching out for 
such disturbances, 

it is possible to 
discover exoplanets 
and their orbits. 
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3 Astrometry 
Using astrometry, it's 
possible to measure 
the precise positions 


and movements of 
stars and exoplanets 


a) Ua meow aoa Mins) hY 
easy with tiny bodies. 
Gaia is 3D mapping 

eBoy oye mcie-lace i 

the galaxy and it's 
expected to discover 
many exoplanets. 


6 Radial velocity 
Known as Doppler 
spectroscopy, radial 
velocity works on the 





basis that as a planet 
orbits a star, the star 


will feel the effects of 
dat ome4ee hie 1M Ce) are) eel 
and wobble slightly. 
This can be measured 
by looking for 
changes in the star's 
fedglmm) sled gan 
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BD Nee)(Sae 
of Ripples 1 
Space-time 


Albert Einstein, predicted the 

Sp@ ho kas Oo O)eca ee NAL eel OOS VAN ors 
almost exactly 100 years ago 

as a result of his general theory 

of relativity. The German-born 
theoretical physicist had said any 
accelerating mass should produce 
ripples in the fabric of space-time that 
propagate at the speed of light, which 
essentially means that a change 

in gravity will spread as waves or 
ripples through space. But decades of 
searching for evidence had drawn a 
frustrating blank. 

Yet on 11 February 2016, it was 
announced that physicists at the 
Laser Interferometer Gravitational- 
Wave Observatory (LIGO) had 
sensed, for the very first time, a wave 
emanating from a fraction-of-a-second 
collision of two black holes located 1.3 
billion light years away. The coming 
together of this pair of huge masses 
- one 36 times the mass of the Sun 
and the other 29 times our star's 
mass - confirmed general relativity 
and opened up the possibilities for 
scientists to look at the universe in a 
whole new way. It was also the first 
time that a pair of colliding black 
holes had ever been seen. 

The gravitational waves - which, 
incidentally, can be caused by 
anything capable of affecting 


“Tt should now be possible 
to peer back as far as the 


their surroundings including the 
explosions of a star - were actually 
noted on 14 September 2015 using 
the LIGO detectors at Livingston, 
Louisiana, and Hanford, Washington. 
According to the scientists, a mass 

WBN Koom UN DNLcMUS Tcl MO)MUslomS Elms r-leMplac—8I 
converted into gravitational waves 
and there was a peak power output 
some 50 times that of the whole 
visible universe. Despite that, the 
effects were very weak, which is 

why gravitational waves have been 
difficult to detect. For this reason, the 
LIGO interferometers could detect a 
disturbance on a par with a fraction of 
a proton’s width. 

From this, there is hope that the 
discovery will let scientists observe 
hidden regions of space, opening new 
windows to the universe. By allowing 
for observations of the dark side of 
the cosmos, it should now be possible 
to peer as far back as the beginning 
of time, some 13.82 billion years ago, 
and it should begin to tell us more 
about black holes. Indeed, this is only 
the start. Astronomers fully expect to 
see the building of new observatories 
capable of listening out for ripples as a 
whole new field of gravitational-wave 
astronomy opens up. We can expect 
a tsunami of fresh findings in the 
coming years. 
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50 greatest discoveries of all time 








a Albert Einstein first 
— ———"——- be c predicted the existence of 
Pome oe a. = : gravitational waves nearly 

—< Ca Pe ay yas 100 years ago with his 
| Sia /f™ ai general theory of relativity 





@ Tobias Roetsch; Adrian Mann; NASA; ESA; Science photo library, Alamy; Getty images; Hubble; JPL- 
Caltech; ASI; USGS; Goddard Space Flight Center; CI Lab; CERN; MSSS; M.Postman(STScl); CLASH Team. 
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Interview A year in space 
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A year In space 


Within days of spending a record year in space, NASA astronaut 
Scott Kelly discusses his experience and how it feels to be back on Earth 


Interviewed by David Crookes 


Did anything surprise you about your year in 
space or was it what you expected? 

I think the only big surprise was how long a year is. 
It seemed like I'd lived there forever. It seemed longer 
than I thought it would be. But having flown before, I 
paced myself appropriately and felt good about that. 


What struck you the most looking down at Earth 
each day? 

The Earth is a beautiful planet and practically 
everything to us. It's very important to our survival 
and the [International] Space Station is a great 
vantage point to observe it and to share our planet in 
pictures. You also notice how the atmosphere looks 
and how fragile it looks. It makes you more of an 
environmentalist looking down at it. 


How do you stay a year without going bananas? 
Occasionally you do go bananas. I think NASA does 


a good job at selecting people who are able to deal 
with those kinds of environments and who can 

stay hyper-focused on what they need to do. It’s 
critical to your survival. The Navy had a term of 
“compartmentalise’, to focus on the task at hand and 
take it one day at a time, which is very important. I 
tried to have milestones that were close: when is the 
next crew arriving, when is the next visiting vehicle 
arriving, the next EVA, the next robotics, the next 
science activity. That made a big difference to me. 


Mark [your twin brother] said you did notice 
some physical changes upon your return. Can 
you detail those? 

Some of you may know that I flew 159 days last 
time and when I came back I was feeling pretty 
good. There is always a certain amount of soreness 
and fatigue but, initially, this time coming out of 
the capsule, I felt better than I did last time. But 


"T will never be done with space. I will 
ao be involved, though I doubt I 


WOU 
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d fly again with NASA" 


Commander Kelly 


. 4 gives the thumbsup, 


just minutes after (2 
leaving the Soyuz | = 


a 


TMA-18M spacecraft =) 9) 
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those two lines have crossed and my level of muscle 
soreness and fatigue is a lot higher than it was last 
time. It almost makes me think there is a linear 
function to it. I also have an issue with my skin 
because it didn't touch anything for so long so any 
significant contact is very sensitive. It's almost a 
burning feeling when I sit or lie or walk. 


You've said Mars is ‘clearly doable’ - is that 
psychologically doable or physically doable? Is 
the science there? 

I think there are still things we have to learn but 

I think we can learn them. There are challenges 

we still have, like the radiation issue: if you take 

six months to get there, the crew is getting a lot of 
radiation. If you get there quicker, then that’s less 
radiation. Having a robust life-support system is 
important as is being able to maintain it and, you 
know, there are the medical aspects. But I think we 
know enough, and I think we're close enough that if 
we made the choice, ‘hey we're going to do this, we're 
going to set a goal, wee going to set a time, then yes, 
I think we can do it. 


If you got out of a capsule at Mars, there 
wouldn't be people to help you out. Do you feel 
you could have got out of a capsule or spacecraft, 
put on a spacesuit and set up camp on Mars? 

I actually learned something on this flight that I 
didn't really fully appreciate and that is when Soyuz 
[spacecraft] lands upright, you're pretty much getting 
out of it yourself. I always had the assumption 

that someone would reach down and unstrap the 
commander and sort of somehow pull him out, but 
when it lands upright he basically got half way out 
and unstrapped himself, which is not easy in that 
thing, and they pulled him out. 

I had to unstrap, close the hatch, move over to his 
seat, open the hatch, get up outside and get myself 
about half way out before they could pull me out, 
so I got a sense for, yes, I could do that. Mars has 
less gravity, which is helpful as well. But I think if 
wed had a ballistic landing and landed upright, I 
could have gotten out of the capsule. You'd probably 
sit there for a long time to adapt and then try to do 
whatever you needed to continue with your business. 


You mentioned a week or so [before you landed] 
about the size of your crew quarters not being 
large enough. Can you elaborate a little bit? 

I didn't say they weren't large enough. I think what 

I said is that I spent a lot of time in that very small 
space. If you can consider the fact that you sleep in 
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there and then you're going in there at lunch time to 
work, email or whatever, and then you spend a few 
hours in the evening, I probably spent six months in 
that little box. But that doesn't mean it is too small. I 
think, as far as size is concerned, it’s appropriate. 
The point I was trying to make is that if youre 
going to Mars, when youre in a smaller vehicle than 
the ISS and youre living on top of one another, 
having that space that you spend so much time in is 
very important and you need to make it as perfect 
as you can with regards to the air, temperature, 
having interfaces with the systems, communications, 
entertainment and noise abatement. You're going 
be sleeping, living, exercising and eating and doing 
everything right on top of one another. 


Was there a particular moment when you felt 
especially homesick? 
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There are certainly family issues that happen - crises 
like my last flight. As you all know, my sister-in- 

law Gabby was shot and I wouldn't characterise it 

as feeling homesick but certainly, you know, you 

feel like you want to be there. But it's not like I felt 
physically affected or that it affected my ability to 

do my job. You certainly long for things at home 

but I wouldn't characterise it as having the blues or 
something like that. 


In regards to the twin study, is there an area of 
that research that you're most interested in? 
Absolutely, I think the genetic base part of it: my 
DNA being almost identical and what the effects 

of spaceflight are on that. This is NASA’s first time 
getting involved in those kinds of studies in space. 
This kind of genetic-based research is something 
that’s new for us so that, to me, is very exciting and 
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Jn 27 March 2015, Scott Kelly 
») became the first American 
astronaut to embark ona 
nission that would see him 

1d 340 days on board the 
ational Space Station. 
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(7 Mikhail Korniyenko, the 
: mission was to better 
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Body is able to adapt to sucha 
“Yong period away from Earth. 

Mj ~ Asabonus, Kelly could be 
compared to his twin brother, 
former astronaut Mark Kelly. 

It was the highlight of a NASA 

) career that had seen him 

> embark on three previous 
flights, plus a spell aboard 

the Aquarius underwater 
laboratory. In total, he has 

spent 520 days in space. 





obviously personal. There is information that we will 
be able to find out about ourselves and our families 
and my kids. There are some questions about 

how that’s dealt with from a privacy issue but it's 
something that we can talk about in the future. 


In the brief time you have had with your brother, 
have you noticed anything different? 

He's got a better tan. I don’t think he goes to the 
tanning bed though. I think it's because he plays 

too much golf. He has too much time on his hands. 
[smiles] Nothing that comes to mind right now. We're 
the same height by the way. Gravity pushes you back 
down to size. 


Was it more difficult mentally or physically 
adjusting to space? 


Adjusting to space is easier than adjusting to Earth 


39 


Interview A year in space 


Scott Kelly (right) and his brother, 
former Astronaut Mark Kelly (left) 
at the Johnson Space Center 





The first flower grown in space onboard the ISS. Kelly 
claims looking down at Earth emphasises its fragility 





Kelly shared a series of photographs taken from the ISS 
during a flyover of Australia under the hashtag #EarthArt 
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for me. I don't think I ever felt completely normal 
up there - there's always some little subtlety of how 
youre feeling, even after you been up there for 340 
days - but, yes, I think coming back to gravity is 
much harder than leaving gravity. So, I don’t know, 
maybe the aliens have got it a lot easier than we do. 


What did you do in your spare time when you 
were in space for the year? 

Talk on the phone, email, take pictures, read, watch 
TV shows and movies, that's most of it. 


How busy have you been since returning? 

So we landed at lam. We landed in Kazakhstan 

and I flew to Norway and did some medical tests. 
From Norway we were going to fly to [the Canadian 
Forces Base in] Goose Bay, Canada but the weather 
was bad and we landed in Gander. A lot of the time 
on the plane I was trying to sleep, which was kind 
of hard because I was uncomfortable and sore. But 

I did sleep. Then, when we got back I went to the 
JSC Johnson Space Center) to some of the medical 
facilities and did some tests, had blood drawn and 
did this functional fitness test, which is kind of a test 
of your physical ability to do things. I got home at 
about 4am, jumped in my pool and was up by about 
9am, back at work at 10am for more medical tests 
and did this functional fitness test again. I did some 
other tests on my muscle strength that took some 
time. I've had two hours of MRI scans and a Japanese 
experiment so it’s been pretty busy. 


Why were you so eager to jump in to your pool? 
Even though I took a shower in Canada, I hadn't had 
running water for 340 days and it’s something you 
really miss. We make do with not having a shower 
onboard and you don't feel dirty, but you definitely 
feel like you would like to jump in a pool. So I did. 


You're being offered up as the poster boy for 
Mars. How do you feel about that? 

I don't know about ‘the poster boy’ but I think NASA 
does a good job of picking people for these types of 
things and if it wasn't me doing this, it would have 
been one of my colleagues and they would have, I'm 
sure, done just as good a job as I did, or better. It just 
so happens that I was the first person to do this and 
it doesn’t necessarily mean I'm the best. We have a 
lot of talented and dedicated people in our office. 


Are you having a little trouble with things not 
behaving in the way they do in microgravity? 

The first thing I tried to throw on a table I missed. I 
tried to shoot some basketballs and I didn't get any of 
them in the net, not that I'm a good basketball player 
anyway. What's really hard [in space] is throwing 
something straight. You end up wafting everything. 


Can you tell us of your experience of Extra- 
Vehicular Activities (EVAs)? 

Those spacewalks are very technically challenging 
and can be physically challenging depending on 
What you're doing in the time you're outside. Ours 
varied from over several hours to over five hours, 

so very different. But I guess one main feeling I had 
after doing those first two is a sense that you have 
all these people involved in this and they all do great 
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"‘T think coming back to gravity is much 
harder than leaving gravity. Maybe the 


aliens have got it a lot easier than we do" 


work, and they're very, very important to the process. 
But in the end, you can only rely on your EVA buddy 
and you're very reliant on one another for your lives, 
literally. That's kind of the main takeaway I had from 
those experiences. The view is great, too. It’s pretty 
amazing. 


You tested Microsoft's HoloLens device - do you 
think virtual reality has potential in space? 

I think virtual reality has a lot of potential. [The 
device has] cameras on it and we could see a display 
in the field of view where the person on the ground 
could be drawing and pointing to things. I could 

be doing the same thing during a maintenance 
procedure. I could say, “Is this the connector you're 
talking about?” And the person could just write an 
error in your field of view. We messed around with 
it for two hours and immediately I sensed this is a 
capability we could use right now. 


Could you talk about any vision changes you 
experienced during the mission compared to 
previous ones and whether you've noticed any 
differences since you returned? 

It was very consistent with my last flight from a 
subjective point of view. We were collecting more 
data this time onboard, so we'll have a better insight 
[about] when those changes occurred and how they 
were in flight versus the ground. But I don't think 
that, at least subjectively, it was much different than 
my last experience in which I noticed some changes 
[in the beginning] that then kind of levelled off. 
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Did the extra six months make a difference? 
[With a six month stay] you can kind of see the end 
and you think, “Okay, I launched in October and 

I'm coming back in March, I can envision getting 
there.” But when you launch in March and youTe 
thinking about coming back the next March, it is not 
something that you can really comprehend. I think 
the perfect duration for a spaceflight is somewhere 
on the order of two-and-a-half to three months. When 
you get to [that stage] you think, “I've really been here 
for a long time.” To know that you have nine months 
to go is kind of hard to get your head around. As far 
as coming back, I was kind of surprised [at] how I do 
feel different physically than the last time with regard 
to muscle soreness and joint pain, and then there is 
the skin issue. 


Are you done with space now or are you hoping 
to go back up? 

I will never be done with space. I will always be 
involved. You know, even my brother's been retired 
for a bunch of years and he still hasn't given up the 
idea that he's going to fly in space again. I doubt 

I would fly again with NASA, having spent more 
time in space than any American. We have so many 
talented people in our office so there’s no reason 

for me to fly me again. But there's a lot of exciting 
possibilities out there, maybe in the commercial 
aspect. They might need a guy like me someday. 


Should “normal” people be able to go to space? 
I think everyone should be able to go to space. It’s 


A year in space 
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going to depend on the person and what kind of 
experience they would want, so it'd be great to 

have a variety of ways to get to space or near space, 
maybe for the view. You get a pretty spectacular view 
without going all the way to the edge of space. 


Could you talk about how you managed the 
workflow - did you have to sometimes push 
back against the ground team on how much they 
wanted to do? 

I've always had a great working relationship with the 
ground team and been very open with them. It’s a 
team effort. There are priorities and there are higher 
priorities, and you try to get the higher stuff done. 
The spaceflight surgeons help to manage our fatigue 
level and we were all kind of a big team doing that. 
In my experience it's always worked well. 


You will go down in American space history with 
two NASA records. How does it feel to be the guy 
to set these records? 

These records are made to be broken and there's this 
guy that’s going to launch here in the next couple 

of weeks who's going to break my number of days 
record, which is great. I'm a big believer in pushing 
the envelope on this kind of stuff. I don't know when 
someone will have more than 340 days in space 
next, but hopefully it won't be too long. 


You have rekindled interest in space - what do 
you take away from that? 

I think space is important; I think it's our future. It 
helps our economy grow and it provides technology. 
I think there are things we are going to discover 
about our experience in space in the International 
Space Station that we don't even know now. It’s kind 
of like when the astronauts were walking on the 
Moon they were trying to develop more advanced 
computers and technology. I think it’s great. @ 
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~Jouéh-sensitive fingers 
Robonauts are ablé'to 
manipulate items up to 

20kg (40lb) in mass, but to 

be able to cope with a wider 
range of tasks they have 
force-sensing fingers. 
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Solar System's secret planet 


Poor Pluto. Once lauded as the ninth planet, it is now 
ten years since it was kicked off the list and demoted 
to dwarf planet status. It all started to go wrong for 
Pluto when astronomers discovered Eris (now also 
a dwarf planet) in 2005. Orbiting the Sun further 
out than its neighbour, at the time, Eris was thought 
to be the bigger of the two. That led to an intense 
debate about what does and doesn't constitute a 
planet - if Pluto remained a planet then Eris would've 
been classified as one too. So Pluto was removed 
from the list in August 2006 to become the flag- 
bearer of a new category of world. 

But to add insult to injury, it now seems the planet 
club might have a ninth member after all - but it 


isn't Pluto. A strange correlation between far-flung 
worlds is pointing towards the presence of the Solar 
System's secret planet - the real Planet Nine. 

Clues that we might have been missing something 
first appeared in 2012 when astronomer Scott 
Sheppard from the Carnegie Institution for Science 
in Washington DC found a new object in the outer 
Solar System. Officially named 2012 VP113, Sheppard 
nicknamed it Biden after the US Vice President (or 
VP). Orbiting much further out than Pluto, by 2014 
Sheppard had tracked its orbit sufficiently to notice 
it had an unlikely similarity with another distant 
member of our Solar System - Sedna. The angles 
at which they arrived at their respective closest 


“The only reasonable explanation is 
that there is another planet out there” 
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Planet Nine is.suspected to be a mini- 
' Neptune, a world with a mass that’s 
ten times. that of Earth. Its size is of the 
. most common, according to findings 
by the Kepler Space Telescope 
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points to the Sun seemed to match. Given that the 
orbital paths of these frigid worlds were expected 

to be random, such a correlation was suspicious. 
Something must have herded them 
into these similar orbits. 

What's more, whatever 
initially corralled them must 
still be doing it, “otherwise 
their orbits would have 
randomised again over time,” 
says Sheppard. “The only 
—™ reasonable explanation is 

that there is another planet 
out there,” he concludes. The 
gravitational pull of this 
. as-yet-unseen world 
4 would be what is 
shepherding 
the orbits 
of Sedna 
and 
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_ Each circle represents 
approximately 25 planets 
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Biden. In order to perform such a feat it must have 
a mass between ten and 15 times that of the Earth, 
making it a “mini-Neptune.” 

But, with only two objects to study, it was hard 
to make concrete conclusions - we needed more. By 
January this year, four more trans-Neptunian worlds 
were added into the mix. That's when the news about 
a potential Planet Nine really made headlines around 
the world. These additional objects share the same 
unlikely orbital similarities with Sedna and Biden. 
According to analysis from astronomer Mike Brown 
- the discoverer of Eris and self-styled “Pluto killer” 
- there is just a 0.007 per cent likelihood that these 
shared characteristics are down to chance. 

It wouldn't be the first time that we've found 
a new planet by first spotting its effect on other 
Solar System objects. That's exactly how Neptune 
was discovered in 1846. Astronomers had noted 
peculiarities in Uranus’ orbit and correctly assumed 
the gravitational pull of a more distant planet was the 
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culprit. When telescopes were pointed in the region 
this eighth planet was expected to be in, Neptune 
was found very quickly. 

However, tracking down Planet Nine isn't going to 
be as easy. “It’s a really large area of sky to go looking 
in,” says Professor Andrew Coates from the Mullard 
Space Science Laboratory, part of the University 
College London (UCL). The search area is so great 
because it is thought to orbit incredibly far from 
the Sun. Estimates suggest it would take between 
10,000 and 20,000 years to complete just one circuit 
of the Solar System. Its average distance from the 
Sun is thought to be around 700-times further out 
than Earth (or around 20-times more distant than 
Pluto). For us to see it, sunlight must trek all the way 
out there and then all the way back again. Given 
that light fades over distance, Planet Nine would be 
incredibly faint. “It also depends on what its surface is 
made of,” says Sheppard. Andrew Coates agrees that it 
could be “incredibly dark." 


“Estimates suggest Planet Nine would 
take between 10,000 to 20,000 years to 
complete one circuit of the Solar System” 
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Solar System's secret planet 


The Subaru Telescope 
in Hawaii is being used 
to hunt for Planet Nine 
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Have your say... 
If found, should Planet Nine 
be renamed? 


Yes 
No 


Suggested names 


Khione (Greek goddess of snow) 

Kuiperis 

Persephone (Greek goddess of the underworld) 
Mondas 

Bowie (after late singer David Bowie) 
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Solar System's secret planet 
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Planet Nine is thought to 
exist due to the way six 
trans-Neptunian worlds 
Vom ats celiarsmcerciea lays 


Planet Nine 


“Finding Planet Nine is near the edge of 


current technology but we should find 
it in the next few years" 


It would really help if astronomers could pin 
down roughly where it is on its marathon orbit. 
Astronomers tend to refer to distances in the Solar 
System in terms of “astronomical units”, where one 
AU is the distance between the Earth and the Sun. 
With a highly elliptical orbit, Planet Nine is thought to 
get as close to the Sun as 200 AU. But at its farthest it 
would languish six-times further away than that. 

Fortunately, work has already begun to narrow the 
search. “It must currently be beyond 500 AU or so," 
says Sheppard. That figure comes via data from the 
Cassini mission in orbit around Saturn. Having been 
there for over ten years, Cassini researchers would 
have noticed the gravitational pull of Planet Nine on 
the spacecraft by now if it were in the closest part of 
its orbit. That's an invaluable piece of the puzzle. 

Given just how much sky there is to scour, ruling 
out certain regions based on Cassini data narrows 
down where to look and boosts the chances of 
us finding the missing planet. Plans are already 
being made for the Juno mission to make similar 
measurements when it starts its stint around Jupiter 
later this year. 

Assuming that it is somewhere between 500 
AU and its furthest possible distance, Sheppard 
believes that finding it is “near the edge of current 
technology.” However, he is confident that we can 


find it in the “next few years.” At the time of writing, 
Mike Brown was busy in Hawaii looking for Planet 
Nine with the Subaru Telescope on the top of Mauna 
Kea. Should that search prove unsuccessful, and if 
the planet has still eluded us by the beginning of 
the next decade, then the Large Synoptic Survey 
Telescope (LSST), currently under construction in 
Chile, could well be a game changer. With a mirror 
the size of a tennis court and a 3.2-billion-pixel 
camera, it should have the ability to find Planet Nine 
within its first year of operation. A single photograph 
from the telescope covers an area equivalent to 40 
full Moons. 

Finding it wouldn't just mean the textbooks need 
ripping up (again). It could also lead us to a better 
understanding of how our Solar System came to be. 
Our current best model of Solar System formation is 
the Nice model, named after the city in France where 
it was devised. It is based on computer simulations of 
how the giant planets moved around in their youth, 
before they settled into their current orbits. The 
trouble is that when the computer simulations started 
with only four gas planets, they didn't end up with 
the modern configuration very often. 

To try and get a better fit, researchers wondered 
What would happen if they threw in an additional 
large planet. When they let the five planet 
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Jupiter 
Mass: 317.8 Earth masses 

Diameter: 139,822km (86,881mi) 
Average temperature: -148°C (-234°F) 
Average distance from Sun: 778mn km 
(483.4mn mi) 


— 
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Earth 
Mass: 5.972x102*kg (1.317x102°Ib) 
Diameter: 12,742km (7,918mi) 

Average temperature: 15°C (59°F) 
Average distance: 150mn km (93mn mi) 


simulations play out, the results matched today's 
Solar System more of the time. The only trouble 
is that, until now, we clearly didn't have five giant 
planets in the Solar System. Perhaps now we do. 
“Planet Nine could be the core of a giant planet 
that was kicked out of the inner Solar System,” says 
Coates. So, finding this 

fossil from the Solar 
System's more 
chaotic infancy 
Should help to 

hone models of 

how our cosmic 
neighbourhood 
came to be. 

A word of warning 
though - it wouldn't 
be the first time Sy 
that astronomers have : 
predicted the existence 
of a new planet in 
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Planet Nine 





Neptune 

Mass: 17.15 Earth masses 

Diameter: 49,244km (30,599mi) 
Average temperature: -200°C (-328°F) 
Average distance: 4.5bn km (2.8bn mi) 


Vv 


the Solar System but have ultimately backtracked 
at a later date. A planet dubbed “Vulcan” was once 
thought to exist between Mercury and the Sun 

in order to account for the oddities in Mercury's 
orbit. However, this was later correctly explained 
by Einstein's theory of relativity, which details how 
Mercury's behaviour is the result of the extreme 
gravitational field close to the Sun. 

In the 1980s, US astronomer Robert Harrington 
proposed the existence of a “Planet X” to account for 
peculiarities in the orbits of Uranus and Neptune. 
But these discrepancies later disappeared when the 
mass of the two planets was revised thanks to more 
accurate measurements by the Voyager flyby. The 
search for Planet Nine just serves to illustrate that 


Solar System's secret planet 
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Astronomical Units 
The furthest Planet Nine gets from 
the Sunon its highly elliptical orbit 
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10,000 - 20,0 
The time it is thought to take for Planet 
Nine to complete one orbit of the Sun 


there is much of our Solar System still left to explore. 
There are always new discoveries out there to be 
made. “This field is about to undergo a revolution,” 
says Coates. The last few years, for example, have 
seen new moons discovered around Neptune 

and Pluto, as well as the New Horizons mission 
successfully buzzing past the former planet. That 
mission will continue to surge further into the Kuiper 
Belt, reaching 2014 MU69 in January 2019. 

We are sure to discover more as we continue to lift 
the veil on the Solar System's icy outer reaches. The 
chances are good that we'll confirm there are more 
planets than we had first reckoned on and the list 
will return to nine. But if that happens, do spare a 
thought for Pluto. @ 


“Planet Nine could be the core of a giant 
lanet that was kicked out of the inner 


olar System” 
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Come & learn LULS «peel fi 
re hha of the universe: 


A range of varied events from Mars to stargazing for beginners are held across the 
Dark Sky Park or why not hire your personal Dark Sky Ranger for a night and maximise your 
enjoyment of Galloway’s star studded night sky. 


For more information on how to hire a Dark Sky Ranger visit www.gsabiosphere.org.uk 
For information on our stargazing events check out our website www.forestry.gov.uk/darkskygalloway 
Follow us on www.facebook.com/darkskygalloway 





Planet Earth 
Education 


Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 


Courses available for enrolment all year round. 
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BIGGE 
TELESCOPE 


As work continues on its design and construction, we take you inside 
the European Extremely Large Telescope as it prepares for first light 


Written by Dominic Reseigh-Lincoln 
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World's biggest telescope 


Looking further and deeper than ever before. That's 
the central goal that’s driven astronomy since its 
inception. Studying the night sky and the universe 
that frames our world in ever increasing detail, 
dissecting the light that's reaching our little world 
and discerning the grand legacy of the cosmos. For 
centuries, humans have been building more and 
more powerful terrestrial telescopes that can see 
further into the void of space, each one expanding in 
size and breadth of vision. 

And that ever increasing scale and desire to know 
more has brought us to the European Extremely 
Large Telescope (E-ELT). A global initiative 
centralised by the European Southern Observatory 
(ESO) Council, the E-ELT project aims to construct 
the largest Earth-based telescope ever created with 
the intention of studying the furthest reaches of 
the universe and, for the first time, studying the 
properties and physics of the first galaxies and the 
behaviours of distant planets that orbit other stars. 
The genesis of the project took place back in 2000, 
when European astronomers and scientists began 
discussing the desire to see the furthest reaches 
of the galaxy in more detail. Some of the largest 
telescopes in operation at the time, such as the Gran 
Telescopio Canarias (based in the Canary Islands) or 
the Very Large Telescope (VLT) - based in Chile just 
20 kilometres (12.4 miles) from the future E-ELT site 
- were capable of identifying these far-flung points in 
Space, but were too primitive to study them in depth. 

So began a planning and pre-production stage 
that lasted over ten years as the ESO Council began 
determining just how long (and how expensive) the 


E-ELT would cost. Over this period, every one of 
the 15 (now 16 following the recent admittance of 
Brazil) members of the ESO Council began drawing 
up Phase 1 plans, which presented research and 
development plans in order to secure different 
contracts for each element of the E-ELT. By 2014, the 
final funding figure was confirmed (around $1 billion, 
or £700 million), with a planned ‘first light’ (the initial 
capture of light by a telescope) set for 2024. 

For Simon Morris - a professor of physics at 
the University of Durham, a member of the team 
working on the E-ELT’s Multi-Object Spectrograph 
for Astrophysics, Intergalactic-medium studies 
and Cosmology (MOSAIC) instrument, and the UK 
astronomy representative for the ESO Council - 
studying those distant glimpses of the first galaxies 
is exactly why something as grand as the E-ELT is 
needed. “I've always done research on how galaxies 
form, and I feel that's the most interesting thing we'll 
be able to do with E-ELT. The galaxies that we can 
see at the furthest distance are showing us the point 
where the universe went from being neutral to being 
ionised. So the things that formed in this period 
essentially cooked the universe,” he says. “We can see 
some galaxies at the point when that happened, but 
it's very difficult to study them in great detail. The 
current class of telescopes can only just barely detect 
them and it can barely perform spectroscopy. With 
the E-ELT, we will finally be able to study the distant 
cosmos with a new sense of clarity." 

The E-ELT will have the potential to provide data 
for the entire astronomical community, performing 
hundreds of tasks with its eight currently planned 


“With the E-ELT, we will finally be able 
to study the distant cosmos with a new 
Sense of clarity” Simon Morris, ESO Council (UK rep) 
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Who's 
involved in 
the E-ELT? 


== UNITED KINGDOM 

<i itm= The University of Oxford and 

the UK Astronomy Technology Centre are 
contributing to the HARMONI spectrograph. 


a FRANCE 


France is involved in the design of the 
HARMONI, MAORY and METIS instruments. 


SPAIN 

Spain has made a number of 
contributions to the E-ELT, including the 
HARMONI spectrograph. 


a ITALY 

The Istituto Nazionale di Astrofisica 
is involved in the creation of the MAORY and 
MICADO instruments. 


mm GERMANY 


Germany's contributions to the E-ELT 
include the MICADO and METIS instruments. 


THE NETHERLANDS 
Mas The Dutch NOVA has been involved 
in the creation of the METIS and MICADO 
elements of the ground-based telescope. 


f BELGIUM 

Belgium's Katholieke Universiteit 
Leuven has been working on the METIS 
spectrograph instrument. 


SWITZERLAND 


Switzerland's ETH Zurich has worked on 
the E-ELT’s METIS instrument. 


AUSTRIA 

The E-ELT's MICADO and METIS 
instruments have seen involvement from the 
Austrian Universitat Wien. 


European Southern 
Observatory Council 

Other work has come from the other 
seven members of the European Southern 
Observatory, including new member Brazil. 


| Astronomers blow the 


top off a mountain 


Head over to spaceanswers.com to watch 
astronomers at the ESO blow a million tons of 
rock off the top of a mountain to make way for the 
largest telescope in the world. 
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° Fourth mi 
Building a gigantic telescope 4) i:2-2 22.0: 


designed to shake a thousand times a 


From its giant mirrors to its state-of-the-art instruments, second. It does this in order to correct 
th F-FLT : b ] f d . . the images collected for atmospheric 
c Is set to De a Marvel Of Modem CNISMeenir) distortions that cause blurring. 


Secondary mirror 

At 4.2m (13.8ft) in diameter, the 
secondary mirror is designed to 
support the light gathering power of 
the main mirror. It will reflect light 
towards the third mirror in the process. 


A little shorter than 
a family-sized car 


Laser Guide Stars 

In order to light up parts 

of the sky that may be too 
dark to study in their natural 
form, the E-ELT will have an 
in-built laser guide system to 
help pinpoint and illuminate 


Primary mirror 

The 39.3m (129ft) 
diameter primary mirror 
is made up of individual 
hexagonal segments 
and collects light from 
sky. It reflects all of that 
light back toward the 
secondary mirror. 


The length of four 
double decker buses 


Rotating platform 

To study the night sky from 
on top of Cerro Armazones, 
the 2,800-ton telescope can 
rotate 360 degrees. This 
gives E-ELT an unprecedented 
all-round view of the cosmos. 


The equivalent 
weight of 36 empty 
Space Shuttles 


HARMONI 

The High Angular Resolution Monolithic 
Optical and Near-infrared Integral field 
spectrograph is another of the E-ELT's 
first-light instruments. It will enable 
scientists to measure the spectra of 
light around planets and stars. 


Seismic isolators 

Northern Chile may have exceptionally 
clear night skies, but it’s suspectable 

to powerful earthquakes. To help 
counterattack this, the E-ELT has an 
isolation platform to absorb the shocks. 
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Fifth mirror 

The fifth and final mirror (which 

is also moving at a fast speed) in 

the five-mirror sequence receives 
the now corrected light from the 
previous four components and sends 
it to the cameras and instruments. 


Third mirror 

The third mirror in the five- 
mirror E-ELT setup collects the 
light bounced from the primary 
and secondary mirrors and 
delivers it towards an adaptive 
flat mirror positioned above it. 


The height of 

a regular door 
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5 |maging Camera 
Deep Observations is 
e of the E-ELT's first-light 
nstruments and will have six 
times the resolution as the 
similar camera on the James 
Webb Space Telescope. 


PSF 
= MAORY 

The Multi-conjugate Adaptive Optics 
RelaY instrument is an optics module 
designed to work in conjunction with 
the adaptive mirrors, correcting the , 
light captured to remove distortions. A 


METIS 

The Mid-infrared E-ELT Imager 
and Spectrograph will be the 

third instrument and will enable 
scientists to study the chemical 
properties of exoplanets and stars. 
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instruments. As a telescope with the power to 39.3-metre (128.9-foot) wide primary mirror, with almost always means it’s at a considerable distance.” 
see light from around 1 billion years after the Big a 4.2-metre (13.8-foot) wide secondary mirror, a He adds, “Since the light has taken a long time to 
Bang, the E-ELT will focus its attention on the first third supporting mirror of 3.75 metres (12.3 feet) get to get to us, we need a telescope that has the 
galaxies of the universe and how they evolved and in diameter, and two additional mirrors that can potential to study light originating around 1 billion 
transformed across the cosmic timeline. We'll have be adjusted to remove atmospheric blurring. It will years after the Big Bang. So being able to study these 
the potential to study the ancient elements at their be able to gather more light than all the eight-to- galaxies in their youth, we can learn when a galaxy’s 
heart - primordial stars, planets and black holes that ten-metre (26.2-to-32.8-foot) telescopes on Earth given stars were created or what the properties of 
helped shape the space around them. combined - to put that into context, the E-ELT will be these infantile areas of space were in this formulative 

We'll also have the opportunity to study another able to capture 100 million times more light than the cosmic period.” 
fact of astronomy that continues to fascinate human eye and detect objects millions upon millions Originally envisioned with a 100-metre (328-foot) 
scientists: exoplanets and extrasolar planets. times fainter than that. diameter mirror (this idea was eventually scrapped as 
In the eternal search for planets that share the “The E-ELT will be able to study objects that are it was both unfeasible and far too costly to construct), 
characteristics of the Earth (and by proxy, the much fainter with just as much depth as far brighter the E-ELT will be built on a specially chosen location 
potential to support life), the E-ELT will be able to celestial objects,” says Niranjan Thatte, a professor of in northern Chile. The site itself, a mountain known 
study these distant planets as they orbit far-flung astrophysics at the University of Oxford and project as Cerro Armazones, was chosen for its high rate of 
stars, discerning their composition and the nature of leader on the High Angular Resolution Monolithic clear skies (making it an ideal location for gazing into 
their suns. Optical and Near-infrared Integral field spectrograph the stars). 

So how big does a telescope have to be to capture (HARMONI). “Fainter doesn't always mean further The mountain itself has already been prepared for 
these distant times, and do so with an almost away (for instance, planets are usually fainter in the first stage of the telescope’s on-site construction, 
unheard of clarity? The E-ELT will have a huge comparison to stars), but in most cases, reduced light with a controlled explosion in June 2014 blowing 





ow CeCe ee gt 


Based in the Chilean Atacama Desert, the E-ELT will be the 
largest and most impressive telescope ever constructed by man 


















Creating the world's largest telescope is no mean feat mountain in the north of Chile) makes perfect sense. 

- jt is one that requires a viable site as well as primary Especially when you consider it’s ideal nature for 

and secondary mirrors big enough to see further into Stargazing - it has 89 per cent cloudless nights a year. 

space than we've ever seen from an Earthly lens. That's The mirrors used will be some of the largest ever 

why the E-ELT has been a global initiative with a huge constructed for a terrestrial telescope, with a 39.3-metre 

roster of countries providing materials, research and (129-foot) primary mirror, and the secondary one still PR | 

consultation on its design and construction. an impressive 4.2 metres (13.8 feet) in diameter. The tens London Eye 
Since the E-ELT will form part of the European combination will gather 13 times more light than any mas ff At 135m (443ft), 

Southern Observatory network, a site in Chile was other optical telescope on Earth, and will offer the ath the Eye towers over 

chosen for the new super telescope. The ESO already ability to adjust for atmospheric distortions. Better the European Extremely 

has a considerable presence in the South American et, it will provide the opportunity to capture images , ass ee 

presence Ryoyel erica yet, p pp y p ie a oe 
nation, so the chosen location of Cerro Armazones (a 16-times sharper than the Hubble Space Telescope. >) 61m (200ft). 


Arc de 
Triomphe, 
Paris 
One of the most famous 
monuments in Paris, the Arc 
de Triomphe stands at 
50m (164ft) tall - 24m 
(79ft) shorter than 
the E-ELT. 
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E-ELT, Chile 
The largest 
telescope ever 
constructed, the E-ELT 
exterior dome stands 74m 
(243ft) from the ground 
and the dome has a 
diameter of nearly 
86m (282ft). 
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millions of rocks from its peak. The controlled not have a huge impact on the detail we will see. the earliest light in the universe with an untold 
demolition reduced the mountain by 40 metres (131.2 However, the reduction in mirror area makes a big clarity. Those extra mirrors will enable astronomers 
foot) and will see the E-ELT sitting at a final altitude difference to the sensitivity, by reducing the number to look through incredibly fine angular scales across 
of 3,060 metres (10,039 feet). of photons collected. For some science, the reduction a large angle of the sky. 

The main mirror of the telescope, which was in sensitivity goes with the fourth power of mirror “In this case, it means that we can study the 
downgraded from the original 100-metre (328-foot) diameter (or more). This means that it will be more sky to a scale of ten arcminutes - a unit of angular 
design envisioned for the first version of the E-ELT, difficult to directly observe exoplanets, for example. measurement equal to 160th of one degree - and 
was adjusted again in the last two years in order However, the E-ELT will still be much more sensitive for a 39.3-metre (129-foot) diameter telescope, that's 
to keep the whole project in the $1 billion (£700 than its nearest rival, the US-led Thirty Meter an incredible field of view," reveals professor Simon 
million) budget. The question is, how much of an Telescope,” Cunningham adds. Morris. “Apart from blurring from the atmosphere, 
effect will these seemingly minor adjustments have Even with that slight reduction in size, the primary the images will be measured in micro-arcseconds 
on the wider capabilities of the finished project? mirror still forms part of a unique five-mirror setup (millions of a 60th of a 60th of a degree). So 
“The reduction in size for the primary mirror from that will prove vital in enabling astronomers to study incredibly tiny angles will be detectable.” 


42 metres (138 feet) to 39.3 metres (129 feet) reduces 7 . ; 

outs ihedeal hen ieewnenee, ELT Will be able to study objects that 

Sr eaee one nme aweeaterk are fainter with just as much depth as far 
fea eee nepor ae eee bri ehte [ ob} ects Niranjan Thatte, HARMONI project leader 


diameter of the primary mirror, so the reduction did 


The 
Statue of Pyramids 


at Giza 
aoe k ute While the E-ELT is a huge 
Lady Liberty measures hipaa i S holes 
y the Great Pyrami 

93m (305ft) from the 7 ; : 
ground to her torch and | *" ae ca. 5 SRR 
has 7.6m (25ft) long | - 

feet anda1.4m 
(4.6ft) nose! 
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Study the a, Observe what 
expansion of = : | was previously 
the universe = impossible 


“Tt will have multi-purposes and will make . “Every time mankind has been able to make 
major advances in astronomy, from galaxy | a technological leap forward in what is achievable 
evolution in the early universe, through the study : in terms of observations, we've found it’s drastically 
of black holes, to understanding how | improved our understanding of the 
planets form outside of the Solar ga] == J cosmos,” comments professor Niranjan _, 
System,” says Colin Cunningham, — iI Thatte from the University of Oxford. 
director of the UK E-ELT fy a So, for us, it's the ability to look out J 
initiative. “It will achieve this by ¥ S into the furthest reaches of the stars ! 
a combination of increasesin % — a eS and discover something new that 
angular resolution by a factor | Jig | Ob ectives we've never seen before. Those 
of 15, compared to Hubble, first galaxies could yield secrets 


and sensitivity of up to | about the primordial galaxies | 
500-times better than - of 1 e E-ELT that we have never 4 
current telescopes.” > | even considered.” 
From probing primordial 
galaxies to tracking extrasolar 
planets, the E-ELT has an 


ambitious series of 
scientific goals 









ent Search for 
formation of stars = worlds that are 
in the first galaxies 5 just like Earth 


The huge light-gathering capabilities of the The most exciting thing about not just 
E-ELT will enable us to study just how the very detecting and locating extrasolar planets in the 
first galaxies were formed and how stars were born universe but also measuring their properties, is that 
in this chaotic early stage in the universe's life cycle. By it may bring us much closer to understanding if the 
seeing these points in space in their youth, we can see if all Earth is unique in its planetary characteristics. Quite similar 
their stars were created at the very beginning, or whether they to observing the first galaxies, it is not just about detection 
already existed and were passive for long periods of time. Learn about here, but understanding the astrophysical properties of 
This incredibly large telescope will help us to figure out if extrasolar planets using spectroscopy that will open up 
stars were born in bursts of activity every few billion extrasolar planets a new understanding of how alien worlds formed 
years. With an “eye” that’s almost half the length of and their stars and evolved in the early universe. Spectroscopy 
an American football pitch in diameter, it will "Tt is a world-class instrument. It will have a - which allows us to figure out what objects 
gather 13 times more light than the largest really broad application across almost every area of in space are made of - allows us to look at 
telescopes operating today, allowing it astronomy,” comments professor Simon Morris from the atmospheres of planets and look for 
to look further back in time. the University of Durham. “Just with our multi-object signatures that suggest life. 
spectrograph you can perform hundreds 
of applications, including the search for 
extrasolar planets. We want to study 
the spectra of a star - from this 
we'll be able to observe a Doppler 
shift if it has a large enough 
planet orbiting it. So you'll see 
a shift in its velocity, relative 
to us, as it wobbles as 
the planet goes 
round it.” 
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There's also the introduction of an already 
established astronomical technology known as 
‘adaptive optics’. Looking so far into the cosmos 
leaves such a gaze open to ‘atmospheric turbulence’, 
the natural phenomena caused by the atmosphere 
of our world partially obscuring stars and causing 
them to twinkle. This disturbance causes blurring to 
a telescopic eye so a countermeasure is required to 
remove it. 

One of the mirrors in the E-ELT will be deformable, 
so it can actively change its shape around a thousand 
times per second. In order to pull this off, the mirror 
needs additional ones to work on this scale, hence 
the decision to have a total of five in effect. Another 
one of these five mirrors will tip and tilt on a similar 
timescale and compensate for this blurring. On top 
of this, the E-ELT will use a Laser Guide System 
that will project beams of light towards the chosen 
point of observation - since not every point of study 
will have a suitable star present to generate enough 
light, these ‘artificial stars’ will provide the perfect 
conditions for study. 

“The five-mirror design enables a huge, deformable 
mirror, which is 2.5 metres (8.2 feet) in diameter, 
to be incorporated,” comments Colin Cunningham. 
“This is controlled by over 5,000 actuators to 
compensate for atmospheric distortions and wind- 
shake to ensure that the telescope images are the 
best possible. The other key technologies include 
the active support structure for the 798 hexagonal 
mirrors forming the 39.3-metre (129-foot) wide 
primary mirror, and the Laser Guide System that will 
enable adaptive optics to be carried out anywhere in 
the sky, not just near to bright ‘natural’ guide stars.” 

The E-ELT won't just have a unique mirror 
system to its name, but a large selection of precise 
instruments for studying the properties and physics 
of the wider universe. The E-ELT needs to be able 
to support the wider astronomical community, so 
a series of tools have been placed into an order of 
importance that will see each one systematically 
added to the observatory over time, as it becomes 
more and more capable. For instance, the UK is 
part of two vitally important instruments for the 
E-ELT: the aforementioned MOSAIC multi-object 
spectrometer and the HARMONI near-infrared 
spectrometer. HARMONI, will be one of the first two 
instruments added to the E-ELT, and will be there to 
ensure the telescope reaches first light in 2024. 

The MOSAIC multi-object spectrometer, which 
is being researched and designed in co-operation 
with astronomers and engineers in France and 
The Netherlands, is designed specifically for use 
on a telescope as big as the E-ELT.: At its core, a 
spectrograph is used to separate out and measure the 
wavelengths present in electromagnetic radiation - it 
determines the spectrum of light around and emitted 
by a given object in space. That same principle 
applies to MOSAIC, only this time the spectrograph 
needs to make multiple copies of the same area of 
Space in order to study different elements. 

“With the E-ELT, we want to look at multiple 
objects spread across a considerably large field of 
view,” says Professor Simon Morris from the UK 
team working on the MOSAIC component. “And we 
want to do that using adaptive optics, so there's the 
challenge there of making these two fields work in 
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primary mirror are placed " 
on supports and tested 

to see how they behave 

together when titled to 45° 


The large diameter 
OMB TINA BNeCeE 
will enable the 
E-ELT to study both 
distant galaxies and 
extrasolar planets 


Several segments of the 
E-ELT’s huge primary 
uuVieceym-VCoR@ Ure CsNlM haat ets 
tested in Germany 
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The lasers used as 
part of the adaptive 
optics process will 
enable the E-ELT — 

to compensate for 
atmospheric blurring - 


harmony. The UK has actually been taking a lead on 
these tests, known as multi-object adaptive optics, 
and we've actually been testing that in collaboration 
with a number of engineers from Paris to show that 
these principles will work when E-ELT hits first light.” 

Alongside MOSAIC, the E-ELT will also house 
another significant piece of astronomical equipment: 
the HARMONI near-infrared spectrograph. The 
contract, which was awarded to the UK last 
September and will cost £50 million ($70 million) to 
design and construct over the next nine to ten years, 
is being headed up by researchers at the University 
of Oxford. A near-infrared spectrograph is designed 
to measure the cool atmospheres of stars where 
new molecules form. By studying the rotational and 
vibrational nature of these molecules, astronomers 
can then gain a greater understanding of the nature 
of the star that bore them. 

“HARMONI will be a four-metre (13-foot) tall 
cryogenic instrument, which requires us to cool 
every element of the tool down to around -153 
degrees Celsius (-243 degrees Fahrenheit),” comments 
Professor Niranjan Thatte, project lead on HARMONI. 
“We do this because any amount of heat produces 
radiation. Any kind of radiation, even the smallest 
amounts, can be detected by a near-infrared 
spectrograph so unless we cool everything down 
to a significantly cold temperature, these pockets of 
radiation will distort the readings we'd be attempting 
to make.” Another challenge faced by the HARMONI 
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"E-ELT's huge light gathering capabilities 
will enable us to study how galaxies and 


stars were born” 


spectrograph, and the E-ELT as a whole, is seismic 
activity found in the Chilean region selected for the 
telescope. The VLTs, based at Cerro Paranal, have 
already experienced a Magnitude Eight earthquake 
(considered ‘Great’, the most severe band for seismic 
classification) so the E-ELT and its instruments will 
need to be reinforced in order to withstand these 
natural occurrences. “In that sense, the E-ELT will 
have something in common with a space telescope,” 
adds Professor Thatte. “Just as a telescope will have to 
survive the launch process, so will our instruments 
have to withstand considerable, destructive forces." 

Alongside its eight planned instruments, there's 
also the potential to build an imager powerful 
enough to take pictures of identified extrasolar 
planets. “There's currently a discussion to build 
something along those lines for the E-ELT.” says 
Professor Morris. “But the general consensus is that 
the technology needed to make it a reality isn't quite 
ready yet, so there's a rolling technology development 
going on now and teams are working on proving it 
can be done. If those results prove positive, then it 
will be included in the final telescope setup.” 


The potential to study these distant worlds in greater 
detail remains one of the most incredible prospects 
for the E-ELT and has the potential to change the 
way we see the wider cosmos forever. “The most 
exciting thing, to me, about not just detecting 
extrasolar planets, but measuring their properties, 
is that it may get us closer to understanding if 
Earth is unique,” muses Cunningham. “Again, with 
the first galaxies, it is not just about detection, but 
understanding their astrophysical properties by 
spectroscopy that will open up new understanding 
about how the early universe [formed and] evolved.” 
With less than ten years until its proposed first 
light detection sometime in 2024, the road to a fully 
operational European Extremely Large Telescope is 
well underway. With 16 countries contributing to its 
inception, design and construction, it’s set to become 
a truly world-class example of modern engineering. 
Through its many lenses, astronomers will be able to 
see into the cosmos like never before, studying the 
properties of extrasolar planets, the formation of the 
first galaxies, the genesis of primordial systems and 
the expansion of the very universe itself. @ 
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Focus on Virgin Galactic’s SpaceShipT wo 


Virgin Galactic 


out SpaceShipT’ 





Recently we saw the unveiling of a brand 
new plane, designed to take you into space 


Within the Mojave Air and Space Port, a facility that 
lies in the shadow of desert mountains and about 
150 kilometres (95 miles) north of Los Angeles, Virgin 
Galactic were preparing to roll out their second 
ever SpaceShipTwo in a lavish ceremony. Featuring 
electric blue lighting, blaring music and cocktails, the 
company’s founder, Sir Richard Branson rode atop an 
SUV, towing the vehicle into view. 

The big event comes more a year after the loss 
of original SpaceShipTwo - VSS Enterprise - which 
broke apart during a test flight on 31 October 2014, 
injuring pilot Peter Siebold and tragically killing 


Actor and pilot Harrison Ford 
listens to Virgin Galactic chief 
pilot, Dave Mackay inside the 
new SpaceShipTwo 
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copilot Michael Alsbury. Announced as VSS Unity 
by astrophysicist Stephen Hawking, the brand-new 
suborbital commercial vehicle was christened by 
Branson's one-year-old granddaughter, Eva-Deia who 
- with a little help - broke a bottle of milk over the 
ship's front hull. © 

SpaceShipTwo is designed to carry six passengers 
as well as two pilots on trips to suborbital space, 
where passengers will get to see the curvature of the 
Earth against the blackness of space, and experience 
a few minutes of weightlessness before gliding back 
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Virgin Galactic’s SpaceShipT wo 


VSS Unity was unveiled 
os in Mojave, California in 

Fa February 2016 
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Rosetta: 


Rosetta: the final chapter 


the final chapter 


The first mission to land a probe on a comet is coming to an end. 
Project scientist Matt ‘Taylor relives an epic moment in history and 
tells us what we can expect from Rosetta in its last week in operation 


Interviewed by Giles Sparrow 


Before we get to Rosetta and Philae, tell us how you 
got involved in astronomy and space science? 

It was really down to my parents - I came from Manor 
Park in east London, my Dad was a bricklayer and my 
parents wanted me to go onto further education, which 
Was unusual in that area. So I was pushed to go to 
university and ended up doing a physics degree at the 
University of Liverpool. During that period I realised that 
I wanted to become a professional scientist. 

Liverpool was very strong in particle and nuclear 
physics, but my move to astronomy was probably 
triggered by one lecture that I took there on general 
astronomy. I applied for a few PhDs, and ended up 
doing space plasma physics. That's an unusual field of 
astronomy as, rather than using telescopes, we send 
instruments on spacecraft to measure things in space. 

We also use ground-based radars to measure how the 
Sun's outer atmosphere interacts with our atmosphere 


An artist's impression of Rosetta and 
Philae during Philae’s landing on 
Comet 67P/Churyumov-Gerasimenko 
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and, coupled with the space-based measurements, we 
study the physics of the northern lights. 


So how did you go from that to Rosetta? 

Through my PhD I got involved in Cluster [a set of four 
European Space Agency (ESA) satellites launched in 
2000 to study interactions between the Earth's magnetic 
field and the Sun], and I came to the ESA in 2005 to work 
on that mission. I ended up as project scientist on Cluster, 
and then in 2013 there was some reorganisation and I got 
offered the position of project scientist on Rosetta. 


It's been a long journey - Rosetta was launched in 
2004, so were there project scientists before you? 
Yes, and a couple of them are still on the project. We're 
having a science meeting in a few weeks in Leiden, The 
Netherlands, that’s looking at the journey from the Giotto 
flyby of Halley's Comet, 30 years ago, to Rosetta - they 


were actually talking about a comet orbiter as early as 
1984. So it took 30 years from first talking about it to 
actually do the science, and you can't have a whole team 
in place for all of that time - though a few still are! 


It seems a big jump from solar physics to comets... 
My role within the ESA is as a project scientist, and I get 
assigned to particular missions. There is a plasma aspect 
in the way comets interact with the Sun, but I'm not 
typically a cometary scientist. My task is more to do with 
trying to represent the group of scientists working on the 
project, and getting them to come to a joint view on what 
they want to do. I haven't written any science papers 

for about four years now as I've been busy making sure 
everyone else can write lots of papers with Rosetta. I’m 
as much of an active scientist as I can be, while focusing 
on the operational aspect of the mission and trying to 
make sure the community as a whole can do the science. 
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Were trying to meet as many objectives as we can to 
enable the science originally mapped out 30 years ago. 


How does it work in terms of day to day planning on 
a mission like this? 

Well you can't respond to anything immediately 

because of the time it takes to send and receive a radio 
signal from Rosetta. But, in general, you have to plan 
considerably in advance, and I even had a meeting today 
about plans for two months ahead. We have a list of 
science requirements at the top - we want to do various 
tasks and weve trying to fit everything in before the 
mission end. Based on that, the Flight Dynamics team set 
a trajectory to decide when we do certain observations 
with certain instruments, which is based on the science 
requirements from the science working team and the 
team in Spain who do the Science Ground Segment work 
with the instrument teams. And we reiterate that, maybe 
saying: “Doing this here means that we lose four days of 
something else later,” so we try to shift things around. 

So you get that high-level timeline and as you get 
closer to that point, you have a better idea of what else 
you can do. For instance, how close can you get to the 
comet? We had an issue in March 2015 where Rosetta’s 
navigational star trackers were getting confused by the 
build-up of dust around the comet, so we had to move 





At a distance of 18.3km (11.4mi) from the comet's 
centre, Rosetta captured an oblique view of the 
Imhotep region on the underside of the comet 
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away to a safe distance but we're now moving closer than 
we thought possible. So we modify that top-level plan 
and tweak it as we get closer to the implementation of the 
observations, which is very labour intensive. In the short- 
term, you can do things on the day - tweaking a certain 
part of an instrument command sequence, say - but we 
try to avoid that because it can complicate things. 


So how do you actually ensure that the various 
elements all work together properly? 

Were having to harmonise what can be done by all the 
different instruments. One instrument may want to do 
something that completely steps on the toes of what 
another one wants to do, so you try to arrange things for 
everyone to get what they want. It's like trying to get three 
kids to play nicely together! Fortunately, there’s software 
in place to constrain what we can do and flag up serious 
issues - for instance, you cannot show one side of the 
spacecraft to the Sun because it's been in darkness for a 
long time, as heating it up will throw off a load of crap that 
might confuse the instruments. 

On the other hand, during the landing when things 
didn't go as planned, the lander guys had to modify things 
on the flight. The Ptolemy mass spectrometer team from 
the Open University were telling me how they had to 
make plans like; cut this sequence out, put this one in so 
that we can make this measurement on this much power, 
and so on. They'd practiced this kind of thing on the 
bench model for ten years and it had never worked first 
time - but fortunately, the one time it mattered, it did! 


What was it like during the Philae landing? 

To be honest, the whole week has still not registered... 
maybe in October this year, or next, the achievement 
will suddenly hit me. But I'm a small cog in a machine, 
and we'd done everything we could in the months and 
the years before to enable that to happen. Specifically 
that week, we went through these various “Go/No Go" 
scenarios, and the biggest hiccup was the night before 

- we went to the hotel with a “No Go” situation and sat 
up late talking about the various scenarios and what the 
implications were if we couldn't go ahead. I woke up in 
the early hours to a message saying everything was clear 


===___ ESA spacecraft operations 
manager, Andrea Accomazzo 

(left) and Rosetta mission director 
Paolo Ferri celebrate the successful 
atrival of Rosetta at Comet 67P 
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and we were good for the landing. It was a highly stressful 
week but you just get on with it, and that's probably how 
the mission is going to feel in October this year: “That's it 
then - nothing more exciting for the rest of my career!” 


The ESA recently announced that further contact 
with Philae is unlikely. Can you tell us about that? 
The Philae mission was designed to have three phases 
- the separation, descent and landing, the first science 
sequence, and then the craft was meant to go into 
hibernation, recharge its batteries and start long-term 
science. We had the first two phases, but had to wait 
longer than planned because Philae ended up in a very 
cold, dark region. By the time it came back online in 
June and July last year, Rosetta was 100 kilometres [62.1 
miles] from the comet due to a star tracker issue. That was 
further than anticipated, and so signals were sporadic. The 
communications were designed with a handshake system 
so the lander and the orbiter would recognise they were 
there, and then you could command the lander to do 
science. But that needed a secure and stable radio link and 
that's something we never really achieved apart from on 
our very last contact with Philae in July. 

Since then, we've repeated the same trajectories 
over the landing site where we think would be the best 
directions for communications, but didn't hear anything 
more, even though we're now back to about 30 kilometres 
[18.6 miles] above the surface. Maybe bouncing a couple 
of times and travelling one kilometre [0.6 miles] across 
the surface of the comet wasn't the best thing for Philae's 
health! So that’s led to the recent statements about saying 
goodnight to Philae, but at this point the main issue is 
that the comet's now moving away from the Sun, getting 
colder and available solar energy is reducing, so we're right 
on the edge of Philae's potential to generate power. 


Is there any chance we could pin down Philae's 
location before Rosetta’s mission comes to an end? 
I've been describing Philae as Schrodinger’s lander 
because we don't know exactly where it is, or what state 
it’s in, but hopefully - at least - we'll answer the location 
question in the next few months. The comet's covered 
in cracks that are driven by thermal stress, as the surface 
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temperature changes by 200 degrees Celsius [392 degrees 
Fahrenheit] every four hours, and these cracks are on a 
metre scale which is similar to the lander. That makes it 
very difficult to distinguish the lander in images from our 
current altitude, but when Rosetta gets below ten kilometres 
[6.2 miles], the lander will be about 20 pixels across in the 
OSIRIS narrow-angle camera and then it should start to be 
easier to separate it from features on the comet. 


Which brings us to the end of Rosetta’'s mission... 

The current high-level plan involves making a tail flyby in 
March to see what the interactions are like there. Then we 
come back closer in to get the cleanest observations that 
we can from instruments like the mass spectrometer. Then 
we come out and do a specific mapping pass to build up a 
new three-dimensional map of the comet, and see what's 
changed during its perihelion passage round the Sun. 
Eventually, we plan to start spiralling in during the final 
end-of-mission phase. The plan for the final week or so is 
still not certain, but the end certainly is - what's the best 
Way to end the mission to get the best science? 

Towards the end of September, the comet is approaching 
superior conjunction [when it's on the opposite side of the 
Sun from Earth] so noise from the Sun will cut data transfer 
to a fraction of its normal rate, so before then we're hoping 
to get the highest-resolution images down to centimetre- 
scale objects, and then we're targeting the end of September 
to put the spacecraft on the surface of the comet. A lot of us 
have asked to put it down as near to Philae as possible, but 
who knows what's possible in terms of the flight dynamics? 
Once we get below ten kilometres [6.2 miles] the weak but 
uneven gravity makes things really unpredictable. But we 
only had two options - if we switch the spacecraft off it will 
freeze solid, but we've always been concerned about getting 
too close in case we break it. If we say we're going to break 
it anyway, then we can get as close as possible. 


So, what have we learned from Philae? 

Well the lander was operating for about 60 hours and was 
designed to add to the Rosetta mission, giving us ground 
truth measurements to provide context for Rosetta data, 
and vice versa. For instance, measurements of the comet's 
magnetic field were made while the lander was bouncing. 
Combining those with data from Rosetta itself, Philae 
confirmed that the comet has no magnetic field, which 
helps to constrain our models of Solar System formation. 
This measurement was made possible by the bouncing, 
actually! We've also got an idea of what the comet looks like 
inside, thanks to a key measurement from an instrument 
called CONSERT, which has a radio transmitter on both 
Philae and Rosetta. That allowed us to do a tomography of 
the nucleus, which showed that, at least down to ten-metre 
(32.8-foot) scales, it’s fairly homogenous. 

Some of the measurements we've made fascinate me 
because you can make these massive connections to what 
conditions were like in the early Solar System. And, in some 
of the science discussions, astronomers are looking at solar 
systems that are still forming and matching up the Rosetta 
measurements with what they're seeing there. Seeing our 
data affect these solar system and stellar evolution models 
is quite weird, but it makes it easy to sell this mission in 
terms of public engagement. Whenever I give a talk I use 
the same material whether it's for scientists or not, as there's 
stuff in there that’s so fundamental: this measurement here 
means that must have been different 4.6 billion years ago. 
It's tapping into the question of why are we here, and that 
should be interesting for everyone. @ 
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cette re . No, they wouldn't Salede, Our bodies are adabted 
All About Space. to exist under the pressure of Earth's atmosphere 
\ a - ‘and wheh this is removed, water in the tissue starts 
. . _ to evaporate and the body starts to swell. Our skin 
’ f is quite stretchy, meaning that an explosion is 
: e highly unlikely. 


_ 4 © _ After about ten seconds of exposure, an astronaut 
e+ _ is likely to become unconscious. This happened to 





; ; , ~ an unfortunate spacesuit technician during a NASA 
: test in 1966 after some of the equipment failed, but 
: » | _ thankfully the pressure was restored after just 30 
, :; seconds and the individual made a full recovery. GL 
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as the universe keeps expanding. 
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@ Expanding universe 
Since the cosmos is moving 
further and further away 
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appears dark rather than 
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galaxies are not static. 
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@ SOLAR SYSTEM 


Why does the Sun 
appear yellow? 


Gene Harlow 

It's really an illusion. Although you 
should never look at the Sun, a brief 
glance on a sunny day will tell you that 
it has a yellowish hue, while an orange- 
red colouration appears as it dips below 


If the universe stopped the horizon in the evening. 
expanding, the night sky The Sun actually produces all 
would be much brighter wavelengths of visible light - therefore 


| Z its true colour is white but as sunlight 
¢ Seed : —_—_— travels through the atmosphere, it 
Ne changes. The wavelengths of light 
at the blue end of the spectrum are 


Would Wwe notice if dale much shorter than those at the red, 


so collisions with particles in the air 


universe stopped expanding? | | | are more likely. During the day, blue 


light scatters high in the atmosphere, 
ICCC as He came to the conclusion that the the shifting of light from one end of the creating the blue sky and making the 


Yes - we would notice because the night night sky would be brighter because the _ light spectrum to the other from distant Sun appear yellow. In the morning and 
sky would ore lot brighter, since the light from an infinite number of stars galaxies, a phenomena which is known evening, the light that hits the ground 
objects within it wouldn't be moving would reach Earth. Of course, since Pim cae enim has farther to travel, so this effect 
away from us. It was in 1823 that we know that the cosmos is actually Over the course of time, it’s is much more extreme. Most of the 
astronomer Heinrich Wilhelm Olbers <q by- Ne LO NToMM OUTS} BONO BCom ere loXon quite likely that gravity would pull shorter blue wavelengths scatter before 
also wondered what would happen if If the universe had began in its everything in the universe towards reaching the ground, giving the sunrise 
the universe was infinite and static. present state, we wouldn't be able tosee _—_ each other in a ‘Big Crunch’. GL and sunset its red-orange hue. GL 
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Will Jupiter grow 
a new storm that's 
visible from Earth? 


Darren White 

As a result of Jupiter's ongoing 
tumultuous weather, it’s possible that 
more of these storms are likely to pop 
up in the future. The current Great Red 
Spot (GRS) on the gas giant is a great 
storm that has been raging for at least 
350 years. 

The study of Jupiter has revealed a 
great many storms and vortices across 
its surface, though none as large as the 
Great Red Spot. While we see storms 
form and change quite regularly, 
were unsure of how this infamous 
feature came to originate in the first 
place. Though its existence proves 
that storms of this size can form, 
were unsure if we will see another of 
this size appear. The Great Red Spot 
continues to be investigated. JB 





The Gred Red Spot is a giant 
storm that has been raging on 
Jupiter for more than 350 years 
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If the Earth were twice its 
size, humans would struggle 
to move around it as quickly 


-( ASTRONOMY 





Small iaeenoee with eerie zi 


3” to 5” offer portability and good 
views of the Solar System 


Can Igo 
travelling with 
my scope? 


Ryan Billings 
Yes, but it all depends on what size 
telescope you have. Travelling with 
a good telescope can be tricky, since 
a bigger telescope is also considered 
to be better. However, careful small 
purchases can give you the chance to 
do some observing on the road. 
When people get into astronomy, 
they quickly learn that size can mean 
a great deal when it comes to what 
you can see in the night sky - but 
even small scopes can perform 
remarkably well, making it easy to 
travel with good equipment. Small 
telescopes with apertures of three to 
five inches should still give you good 





views of Saturn's rings, Venus’ phases, 


Jupiter's cloud decks and moons, and 
even the Andromeda Galaxy. 
Another option is a good pair of 
binoculars. Although they are not as 
specialised as telescopes, they can 
still offer great views of the night sky 
while being extremely portable. SA 





eT Cert fe: i 
Earth was twice as massive? 


Sree ee elas 

If the Earth was twice as massive, birds 
would be much more rare, while we 
humans would be much shorter and 
would be unable to move around as 
quickly as we currently do. Animals such 
as ants and snakes would, however, be 


Do stars actually 
twinkle in space? 


Iona Marriot 

No they don't twinkle. Although stars 
appear to ‘sparkle’ in the night sky, the 
flickering that we see here on Earth is 
actually just an illusion. It might seem 
plausible that a star would twinkle as 
it shines but, at this distance, the light 
that we see from them is actually very 
steady and constant. 

As light travels toward the Earth, 
it passes through the gas molecules 
that make up our atmosphere. These 
are not static and they swirl about 
as turbulence stirs the atmosphere. 
This swirling deflects some of the 
light, making it look like the light is 
shifting and twinkling in the sky. This 
is known as stellar scintillation (or 
astronomical scintillation). 

The thicker the atmosphere is that 
the light has to pass through, the more 
likely these shifts are to occur. This 
means that stars located near to the 
horizon appear to twinkle more. GL 








very happy on our planet if it were twice 
the size. It’s also likely that Earth would 

have lost its heat much more slowly in its 
earlier history. The atmosphere would be 


denser, meaning that everything would be 
heavier and life forms would require much 


more energy to move around. 


Starlight bends as it 
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turbulent atmosphere 
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According to Scott Kenyon, from 
the Harvard-Smithsonian Center for 
Astrophysics, if the Earth were twice 
as massive our buildings would be less 
majestic and the feat of rocket projectiles 
would require more energy, meaning that 
there wouldn't be as many wars. SA 








How a star 
appears 
from space 
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How close is the 
Earth to the Sun 
in the summer? 


Timothy Horn 
It's quite easy to assume Earth is closer to the Sun 
during the summer months, but this isn't true. Many 


know that our planet follows an elliptical orbit around - 


our star, so it's fairly easy to make the mistake in 
thinking that this is how the seasons are caused. 
However, this idea doesn't hold up when the Northern 
Hemisphere experiences summer at a different time 
of the year to the Southern Hemisphere. Earth's orbit 
around the Sun isn't as elliptical as some people think. 
Over the course of a year, the distance between 
Earth and the Sun varies by just 5 million kilometres 
(3.1 million miles), which is a variation of about three 
per cent. What's more, we're much closer to the Sun 


during the winter than the summer. The reason why © 


we get the different seasons is down to the planet's 
axial tilt. Throughout the year, light hits the Northern 
Hemisphere and the Southern Hemisphere at 
different angles and for different lengths of time - so 
days are shorter in winter and longer in summer. SA 
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December 

In December the 
Northern Hemisphere 
tilts away from the Sun. 
Days are shorter and 
aCe nL CCRT 
atmosphere at an angle, 
spreading out as it* 
reaches the ground. 


AVF maLE 

au at=e-) cee) male ote) 
always points in the 
same direction, so as the 
year goes by, different 
parts of the Earth end up 
facing toward the Sun at 
efaisesnam dienes 


March and 
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In spring and autumn, the 
axis of the Earth is lined 
up parallel to the Sun 

and the light strikes the 
Nola dal=leem-lavemeyelelaa(-lae 
hemispheres equally. The 
length of a day evens out 
and temperatures across 
the globe are milder. 


June 

In June the Northern 
Hemisphere receives 
direct sunlight and 
the days are longer, 
concentrating the 
lato) eave] ae mel ilar 4 
the temperature. Earth’s seasons are 
actually produced 
by its axial tilt 












its to work in pairs, each astronauts on the ISS could pilot a We 
wearing a special safety tether that allows spacecraft such as a Soyuz and pick Pe ee 


them to stay attached to the International them up. However, they wouldn't be 
able to open the hatch to let them in, 
as they wouldn't have the time to go 
through the depressurisation routine, 
meaning that they would have to cling 
onto the side. 


» Space Station (ISS). : 

They also have a series of handrails 
to cling on to. If they somehow became 
detached from the space station, 
astronauts are prepared with a Simplified 
Aid For Extravehicular Activity Rescue, 
or SAFER, which provides them with 
small jet thrusters to allow them to move 
around in space and manoeuvre their 
way back to the safety of the ISS. 

hie Rey detain elo- Pho W(c)ComKO Br NIE 
and a companion astronaut was unable 
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They would also need to steer : 

clear of the peroxide thrusters that z 

are situated on the side of the Soyuz, a 

which would damage their spacesuit 

or throw them out into space. When If all else failed, a Soyuz 
Safely back on the ISS, they would craft could be piloted to 
re-enter through the airlock. JB save a detached astronaut 
71 
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How far have our messages to space travelled? 


As well as listening for signs of alien civilisations, we have tried sending 


a few direct messages to likely stars, but how far have they got? 


Anica Cooper 

We continue to listen out for alien civilisations, 

but a few projects have tried sending specific 
messages in the hope of attracting communication. 
As a technological civilisation, we've been sending 


inadvertent radio noise into space for over 100 years, 


but to communicate across the stars, radio signals 
need to be specifically focused and not random. 
The first calling card to the stars was the Arecibo 
Message in 1974, sent towards a globular cluster of 
stars 25,000 light years away. It was designed by 
the Search For Extraterrestrial Intelligence (SETI) 


Institute founder Frank Drake and astronomer Carl 
Sagan as a 210-byte message that can be assembled 
into a picture, covering mathematics, DNA, the 
human form, the Solar System and Arecibo radio 
telescope. The 1974 message will take a very long 
time to reach anyone, but Arecibo also transmitted 
another message. “RuBisCo Stars” was created 

by Massachusetts Institute of Technology (MIT) 
biological research affiliate Joe Davis for the 35th 
anniversary of Drake and Sagan’s message. This 
time though, he sort out stars that Arecibo's fixed 
dish could transmit to. Teegarden’'s Star, a red dwarf 


12 light years away, will become the first system 
to receive a specific “Message for Extraterrestrial 
Intelligence” (METI) in 2021. The message contains 
the details of the RuBisCo protein that is critical to 
photosynthesis, and so almost all life on Earth. 
Despite these attempts, physicist Stephen 
Hawking recently advised against advertising 
our civilisation, as throughout Earth history, less 
developed cultures have always come off worse 
when they are found by more developed ones. Either 
way, researchers are likely to continue sending 
messages, one day perhaps we'll get one back. RH 





& 
Arecibo Message 1974 
Arecibo Message 1974. Across The 
A 210-byte image detailing Universe 2008 


numbers, the chemistry of DNA, 
the shape of humanity and the 


Solar System will arrive in 26974. 


Cosmic Call 11999 

Sent from a radio telescope in 
Crimea and funded by a Texan 
company, CCl targets four Sun- 
like stars with four messages 

in sequence. They will arrive in 
2051, 2057, 2067 & 2069. 


Teen Age Message 2001 
Alexander Zaitsev of the Russian 
Institute of Radio Engineering 
and Electronics, targeted six 
Sun-like stars and included a 
theremin concert. It will arrive 
between 2047 and 2070. 


Cosmic Call 2 2003 

The second phase of Cosmic 
Call, transmitted to five stars, 
featured 2D symbols encoded 
in a way to make them highly 
tolerant to interference. It will 
arrive between 2036 and 2049. 


The Beatles’ song Across The 
Universe was sent by NASA's 
Deep Space Network towards 
Polaris, which is 430 light years 
away. It will arrive in 2438. 


A Message From 

Earth 2008 

501 text messages, photographs 
and drawings, chosen by a 
competition on social'network 
Bebo were sent towards Gliese 
581 where there is a planetary 
system. It will arrive in 2029. 


Hello From Earth 2009 
More than 25,000 messages 
were sent in 2.8Mb from 

the Deep Space Network at 
Canberra towards Gliese 581 
again, which will arrive in 2029. 


RuBisCo Stars 2009 

The details of the protein 
involved in photosynthesis were 
sent towards three Sun-like 
Stars. Teegarden’s Star will be 
the first to receive it in 2021. 


® 
Cosmic Call 11999 


Teen Age Message 2001 


@ 
Cosmic Call 2 2003 


@ 
Across The Universe 2008 


@ © 
A Message From Earth 2008 


@ @ 
Hello From Earth 2009 
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RuBisCo Stars 2009 
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Victorian 
METI 


The first scientific proposals to 
contact other planets are attributed 
to Carl Friedrich Gauss, the famous 
German mathematician. He 
apparently suggested reflecting 
sunlight towards the planets, 

or cutting a giant triangle in 

the Siberian forest to signal our 
presence. Later on, Joseph Johann 
von Littrow proposed a rather more 
polluting concept of digging a 32km 
(2Omi) diameter ring-shaped canal, 
filling it with kerosene, and setting 
light to it every night! 


Message sent 
@ Message arrives 
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What's in the sky?/ 





Jargon buster 


Conjunction 

A conjunction is an alignment 
of celestial objects at the 
same celestial longitude. The 
conjunction of the Moon and 
the planets is determined 
with reference to the Sun. A 
planet is in conjunction with 
the Sun when it and Earth 
are aligned on opposite sides 
of the Sun. 


Opposition 

When a celestial body is in 
line with the Earth and Sun. 
During opposition, an object 
is visible for the whole night, 
rising at sunset and setting 
at sunrise. At this point in its 
orbit, the celestial object is 
closest to Earth, making it 
appear bigger and brighter. 


Magnitude 

An object's magnitude tells 
you how bright it appears 
from Earth. In astronomy, 
magnitudes are represented 
on a numbered scale. The 
lower the number, the 
brighter the object will be. 
So, a magnitude of -1 is 
brighter than an object with 
a magnitude of +2. 


Right Ascension (RA) 
Right Ascension is to the 
sky what longitude is to 
the surface of the Earth, 
corresponding to east 

and west directions. It is 
measured in hours, minutes 
and seconds since, as Earth 
rotates on its axis, we see 
different parts of the sky 
throughout the night. 


Declination (Dec) 

This tells you how high an 
object will rise in the sky. 
Like Earth's latitude, Dec 
measures north and south. 
It's measured in degrees, 
arcminutes and arcseconds. 
There are 60 arcseconds 

in an arcminute and 60 
arcminutes in a degree. 


Greatest elongation 
When the inner planets, 
Mercury and Venus, are at 
their maximum distance 
from the Sun. During 
greatest elongation, the 
inner planets can be 
observed as evening stars at 
greatest eastern elongations 
and as morning stars during 
western elongations. 
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7 APR 14 APR 21 APR 28 APR Date RA Dec Constellation Mag Rise Set 
id S| Mar 31 Olh O6m 31s +06° 52' 12" Pisces -2.6 06:51 20:08 
4 = Apr 07 01h 56m 36s +13° 08' 07" Aries -2.7 06:40 = 21:04 
_ Z Apr 14 02h 39m 41s +17° 57' 39" Aries -2.5 06:27 21:48 
fs cj! Apr 21 03h 09m 10s +20° 38' 44" Aries -2.0 06:11 22:07 
S = Apr 28 O3h21ImO08s +21° 03' 22" Aries -1.3 05:53 21:54 
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This month's planets 


Four of the Solar System's five bright planets - Mercury, 
Mars, Jupiter and Saturn - are visible in April skies, while 
Venus lies too close to the Sun to be readily observable 


ercur 


Right Ascension; 02h58m32s -- - 
- Declination: +19° 46' 25" ; 3 
eco oreycol eve (o yee ca 
Magnitude: -2.2. 
Direction: West . 


Perseus. — 


_*  Monoceros 


are ecm 


me CM El og 


Triangulum | 





i "i 
21:00 BST on 16 April 

The Solar System's innermost planet brief, risks causing permanent and certainly show the planet well, and 38 per cent crescent, and the planet 
is well-favoured for observation during irreversible eye damage. The best time a telescope will reveal a 77 per cent shines at magnitude +0.2 and has a 
much of April as it heads east of the to locate the planet is when the Sun illuminated disc (at a waning gibbous diameter of 7.8 arcseconds. 
Sun and is visible above the western is located behind a solid landmark phase) some 5.9 arcseconds across. With an optical aid, Mercury can be 
horizon after sunset. or, even better, after the Sun has set Mercury continues to head east of the followed in the evening skies through 

But first, a word of warning - you below the horizon, so in predawn or Sun, becoming easier to spot in the to 28 April; as it heads westwards 
must never attempt to locate Mercury twilight skies. evening twilight skies, even though its back towards the Sun it becomes 
in the sky (which always lies close Mercury first becomes visible brightness is decreasing. increasingly more difficult to observe, 
to the Sun) when the Sun is directly around 7 April at 745pm BST when it At greatest eastern elongation on getting nearer the sunset horizon 
visible. This includes attempts to locate is 12 degrees above the sunset horizon. 18 April, the planet is 20 degrees east and becoming much fainter. By 28 
the planet with any optical aid, as well Shining at magnitude -1.0, it may of the Sun and 17 degrees above the April, the planet is 12 degrees above 
as the naked eye. Any inadvertent just be glimpsed with the unaided horizon at sunset at 8.00pm BST; the sunset horizon and shines at a 
unprotected view of the Sun, however eye at this time. Binoculars will its phase has decreased to a waning magnitude of +2.1. 
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Right Ascension: OOh 43m 44s 
Declination: +03° 05’ 30” 
Constellation: Pisces 
Magnitude: -3.9 

Direction: East 


Venus is a morning object, located west 
of the Sun. It is heading ever-closer to the 


Sun and can only just about be glimpsed 

in the first half of March as it sinks into the 
morning twilight and lies very low above 
the southeastern horizon. On 15 March, a 
telescopic view of Venus will show a gibbous 
(93 per cent illuminated) disc some 11 
arcseconds in diameter. 


Canis Minor 


she 


- Monoceros 
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Vulpecula 


 Delphinus 


Right Ascension: 16h 56m 56s 
Declination: -20° 49’ 54" 
Constellation: Ophiuchus 


Magnitude: +0.9 
Direction: South East 


On 31 March, Saturn rises in the southeast 





Right Ascension: 16h 24m 29s 
Declination: -20° 49’ 32” 
Constellation: Ophiuchus 
Magnitude: -1.0 

Direction: South East 


Mars, found in the morning skies, is gradually increasing 

in brightness and apparent diameter. On 31 March, the Red 
Planet shines at magnitude -0.5, rises at around 12.30am and 
transits the southern meridian by 4.45am, as the morning 
twilight is brightening. A telescope will reveal a fairly sizeable 
Martian disc, and a number of the planet's more obvious 
dusky desert features should be visible. 

The planet's broadest and most prominent feature - the 
well-known V-shaped ‘wedge’ of Syrtis Major can be seen 
between 31 March and 7 April. To its south will be the 
brighter, equally well-known Hellas (a giant impact basin). 

By 28 April, Mars rises in the southeast at 1lpm; shining at 
magnitude -14, the planet is 16 arcseconds across in diameter 
and can be followed in a dark sky for around five hours. 


Hercules 





at an altitude of 17 degrees before 5.30am. It 
continues to move west of the Sun, edging 
nearer to Mars. By 28 April, Saturn shines at 
magnitude +0.2 and culminates due south 
at 3.30am; its creamy-yellow hue contrasts 
nicely with brighter, orange-hued Mars, 


at 115am and transits the southern horizon some eight degrees to its right. 





Right Ascension: 11h 07m 46s 


" Declination: +07° 11' 04” 


Constellation: Leo 
Magnitude: -2.4 


me Direction: South West 


Following its opposition on 8 March, Jupiter gradually moves 
into evening skies as it heads ever-westwards. 31 March sees the 
Solar System's giant rising in daylight and first becoming visible 
in the darkening twilight skies. By 11.30pm, Jupiter has climbed 
high above the southern meridian - an altitude of 46 degrees - 
and is pretty unmistakable. Through a telescope at this time, the 
planet appears 44 arcseconds in apparent diameter and a great 
amount of detail in the Jovian atmosphere ought to be apparent. 
The Great Red Spot transits the planet's central meridian on 

the morning of 1 April. Under good viewing conditions, many 
atmospheric features can be seen in Jupiter's dynamic cloud 
system, as well as phenomena produced by the movement of its 
four large, bright moons Io, Europa, Ganymede and Callisto. 
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Master setting Circles 
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The mysterious dials that can be 
found on equatorial mounts are there 
for a purpose; to help you track down 
objects in the night sky. They can 

be confusing at first, but once you 
understand how to use them, they 
are quite straight forward, providing 
that you know how to set them up 
for a night's viewing. In order to use 
them effectively, you'll need to have 
a reasonably good polar alignment of 
your mount - the polar axis of your 
mount needs to be pointing directly at 
the North Celestial Pole. We described 
how to polar align your mount in the 
tutorial in Issue 47. A polar alignment 
scope fitted to your mount can help 
here, although it isn't essential. You'll 
find there is a setting circle attached 
to both the right ascension (RA) and 
declination (dec) axes. These are each 
marked slightly differently. 

The dec axis circle is sometimes 
just numbered O to 9 and then 9 to O 
about its circumference, whereas the 
RA axis circle is marked O to 23 in two 
rows counter to each other. The dec 
axis circle is the easiest to set. Once 
you have good polar alignment, point 
your telescope at the star Polaris and 
rotate the declination setting circle 
until number ‘9’ is lined up with the 
arrow on the body of the mount, 
usually found just above the circle. 
This represents 90 degrees, which is 
near enough where the Pole Star is 
above the celestial equator. It’s unlikely 
that you'll need to adjust this circle 
again during your observing session. 

The RA setting circle is a little 
more involved in its setup and this is 
where you'll need a star chart. If you're 
looking for a particular object, say M95 
in Leo, start by slewing your telescope 
to the bright star Regulus (Alpha 
Leonis). This has an RA of 10h 9m 
14s and so set your RA setting circle 
to read this, using the lower scale if 
your'e in the Northern Hemisphere. 
Then gently slew to M95 - RA 10h 
44m 49s - watching the numbers on 
the dial. Once the circle reads this, 
using a low power eyepiece, see if you 
can see it in the field of view. If so, 
centre it up and make any adjustments 
necessary to the circles. @ 


You'll need: 


VY Equatorial mount 
with setting circles 


Y Polar alignment 
scope (optional) 


VY Telescope tube 
Y Star chart 
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Master setting circles 


Use your setting circles to locate a variety of night-sky objects 


It can take a little time to get used to using setting using the slow motion controls or electric drives. It 

circles, but the more you use them the easier you'll may be slower, but it's worth it. If you don't succeed 

find it. Remember not to unlock the clutches of your the first time in finding an object, gently move the Send Your photos to 

mount to move the telescope once the circles are set telescope around the area of sky until you find it, and photos@spaceanswers.com 
up, as you'll lose accuracy. Always slew the mount then tweak the circles to the correct coordinates. 








Polar align your mount Point to Polaris Set the declination circle 
First of all you'll need to polar align your Once the telescope is set up and polar aligned, Set the declination setting circle to ‘9’ or 90° or 
telescope mount as accurately as possible. A point it toward Polaris. Centre the Pole Star up 89.5° for greater accuracy, using the lower set of 
polar alignment scope can help with this. in the eyepiece as accurately as possible. numbers if you're in the Northern Hemisphere. 
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Lock the clutches Locate the object Make adjustments 
Lock the mount clutches and use slow motion Find the object of your choice on a star chart Hopefully, the object will be in the field of 
or electric drives to slew. It takes a little longer, and note the coordinates. Slew the telescope to view. If not, move the telescope very gently to 
but maintains the accuracy of the setting circles. these coordinates, according to the setting circles. find it, and adjust the setting circles as necessary. 
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the Moon's second largest impact scar.) 9 
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Observe Mare Orientale 
during the libration of 
the Moon's southwestern 
limb between late April 
andyearly May. A Moon 
filter will improve contrast, 
toning down any glare that 
Versace ULM LONBE- Im ice Ui Roce 


Last issue we turned our attention 

to the very northeastern edge of 

the Moon to take a look at Mare 
Humboldtianum (Humboldt's Sea), one 
of the most elusive lunar seas visible 
from Earth. Now we scan the Moon's 
southwestern edge to examine an 
even more elusive lunar sea - Mare 
Orientale (the Eastern Sea). 

The visibility of all features lying 
on the mean edge of the Moon is 
affected by a phenomenon called 
libration. Libration (which has several 
causes) produces an apparent slow 
rocking motion of the Moon over time, 
allowing a total of 59 per cent of the 
Moon's surface to be seen, while the 
remaining 41 per cent of the Moon (the 
true farside) is always unobservable. 
Libration can bring features on the 
mean farside into our telescopic sights, 
and it can also work the other way, 
pushing features that are near the 
mean lunar edge out of sight - the 
latter applies to Mare Orientale. 

At an unfavourable libration (where 
the Moon's northeastern edge is well- 
seen), Mare Orientale is shunted onto 
and beyond the southwestern edge, 
rendering it unobservable. However, 
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a favourable libration (combined with 
a favourable illumination) brings the 
Moon's southwestern edge into view, 
and Mare Orientale is pretty easy to 
spot, even through binoculars. The 
latter circumstance takes place from 
late March to early April, and again 
from late April to early May - a great 
opportunity to take a look at one of 
the Moon's less-often observed seas. 
Most of Mare Orientale itself 
lies beyond the Moon's mean 
southwestern edge - virtually the 
whole of the 300-kilometre (186-mile) 
wide sea lies beyond the longitude 
of 90 degrees west. A favourable 
southwestern libration is needed to 
bring it sensibly onto the Earth-facing 
lunar hemisphere. But Mare Orientale 
is merely the central ‘bulls eye’ of 
a truly vast asteroid impact basin. 
Formed over 3 billion years ago by a 
gigantic impact, the Orientale basin is 
the youngest major lunar impact scar, 
post-dating the mare-filled basins that 
we are familiar with on the nearside. 
With a main outer ring of 
mountains measuring 930 kilometres 
(580 miles) in diameter (but with 
several larger and smaller concentric 


mountain rings), only the innermost 
ring - Mare Orientale itself - has been 
filled with dark lava. The outer-lying 
regions of the Orientale basin are 
streaked with lava flows; of these, 
Lacus Veris (Spring Lake) and Lacus 
Autumni (Autumn Lake) are situated 
just on the Moon's nearside and may 
be glimpsed even if Mare Orientale 

is not on view. 

Mare Orientale was recognised and 
given its name by Julius Franz in his 
near-limb lunar charts around the 
turn of the 20th century, having gone 
unrecognised as an important feature 
for nearly three centuries of telescopic 
lunar observation. Franz named the 
feature Mare Orientale (Latin for 
Eastern Sea), a name that was quite 
correct at the time, because the system 
of lunar co-ordinates in use at the time 
meant that all features on the left-hand 
side of the Moon were deemed to be in 
the east. 

However, this classical system of 
directions was flipped in 1961 by the 
International Astronomical Union 
(IAU), reversing lunar east and west to 
favour ‘astronautical’ convention, which 
remains the official system in use now. 















So the Eastern Sea is now located on 
the western edge of the Moon! 

The true majesty of the whole 
formation - Mare Orientale lying like 
a baleful bulls eye, central to a vast 
concentric ring system - came to light 
only when space probes in the 1960s 
photographed the area from directly 
above. If the feature were actually 
located central to the Moon's nearside, 
then it's worth wondering how the 
Moon would have been perceived by 
myth in the pre-telescopic era. Perhaps 
the Moon would have been considered 
a giant god-like eye monitoring the 
follies of humanity! @ 
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TARGAZER 


Observe Mercury at 


greatest elongation 


One of the hardest planets to spot is the one 


nearest to the Sun. Here's a guide to help catch it 


Binoculars 


Telescope 
Ephemeris 
or sky chart 





The planet Mercury is notorious 
among astronomers as being quite 
tricky to find. Because it orbits so close 
to the Sun, it is never very far away 
from the dangerously bright disc, but 
there are times when it is possible to 
get a good look at it, even though it 
will always be in twilight. 

The distance, or angular separation, 
that Mercury is found from the Sun 
from our point of view here on Earth, 
is known as an ‘elongation’. Usually 
a favourable time to try and find the 
planet is when it is at its furthest point 
in its elongation, but the angle to the 
horizon at which the elongation occurs 
can vary. Sometimes it is at a relatively 
high angle, which is preferable, but 
sometimes it is at a low angle to the 
horizon, which is obviously much 
less useful. It often follows that a 
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good elongation in the Northern 
Hemisphere is not so good for 
observers in the Southern Hemisphere, 
but not always. It depends entirely on 
the tilt of the ecliptic - that is the plane 
and path of the orbits of the planets 
around the Sun. It changes from our 
point of view depending on where the 
Earth is in its own orbit about our star. 

Mercury can rise or set, depending 
on which side of the Sun it is, up to 
90 minutes before or after the Sun 
does, depending on the elongation and 
ecliptic tilt, so there’s usually plenty 
of time to get a chance to see it. But a 
clear horizon is a necessity, of course. 
It must be clear not only of trees and 
buildings, but also clouds. 

One of the problems encountered 
when trying to spot Mercury is that 
the planet can be masked by any 


clouds that are low to the horizon, 
which is especially frustrating when 
the rest of the sky is clear! It is always 
worth looking, though, as there may 
be a gap in the clouds. 

The best way to hunt for Mercury is 
to use binoculars; 7x50 or 10x50 are 


Check the time 

Find out when the best time to 
search for Mercury is using the 
internet. It is usually in the evening 
or before dawn. 


Exercise caution! 
Protect your eyesight. Always make 
sure that the Sun has fully set or that 
you have enough time predawn to 


| spot and observe Mercury. 


© Alamy 


recommended. Check in an ephemeris, 
a list giving information about the 
position of the planets, or use a sky 
chart obtained from software or from 
the internet to find out the correct 
position for the time and location 
youre observing from. @ 


You'll find detailed information of 
planetary positions on the internet. 


Locate using a chart 
A chart or print out of the sky showing 
the position of the planet is very helpful. 


an with binoculars 
In order to initially find Mercury, 
7x50 or 10x50 binoculars are the 
best optical instruments to use. 
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STARGAZER 
Observe Mercury at greatest elongation 


Hunting for an ‘elusive’ world 


How to spot one of the hardest planets to see in the sky 


It can feel like quite a process to go looking for 
Mercury, but once you've found it, you'll be glad that 


will also need a modicum of luck, as clear weather 
and sky conditions are needed for a successful hunt. 





Use the internet or a desktop planetarium software to research when the best 
time to spot Mercury is and prepare your equipment in advance. 


On 


| Research the best times for viewing 


a 


mi. 


La 


cf \ 


Use binoculars to locate Mercury 
Use 7x50 or 10x50 binoculars to scan the sky and move them slowly across 
the area where the planet should be in order to locate it. 








Usually, the planet will be visible for a few days, 
so if for any reason youre unsuccessful at finding it 
you did. You'll need to be careful and methodical and the first time, don't give up! You'll know when you've 
found it and it does look rather lovely in a telescope, 
which can also show the phase of the planet. 










Send your photos to 
photos@spaceanswers.com 








Take your time and prepare well 
When planning your observing session, give yourself plenty of time since it 
can take several minutes of hunting to find Mercury in the sky. 


Keep sweeping the sky 


If at first you don't succeed in finding Mercury, try again. Try sweeping a 
little higher or lower in the sky - but take your time and don't rush. 





Once you've located Mercury in the sky, note down its position with regard to 


5 Note down its position 


buildings, trees or other landmarks at your location. 
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Use a telescope to view the planet's phase 
If there is a telescope available, use it. Turn your telescope onto the planet 
and enjoy the view. You may even be able to see the planet's phase. 


85 





arr gael eC te 


Ursa Major and 
the Whirlpoo! 
Galaxy 


April is a great time to turn your 
telescope up high and hunt for 
galaxies and double stars 


The region of sky containing the constellation of 
Ursa Major, the Great Bear, and with it the asterism 
of the Plough, has some glorious galaxies to feast 
your eyes upon in April. There are some well-known 
galaxies, such as the Whirlpool Galaxy, which can 
be hard to find, along with Bode'’s Nebula (really a 
galaxy) and the Cigar Galaxy, right through to some 
more challenging deep-sky objects, which will take a 
medium-to-large size telescope to be seen well. 
This area of sky is often overlooked, but it is worth 
spending some telescope time on it as it’s not just 
galaxies that can be found there, but also a lovely a 
planetary nebula known as the Owl Nebula - for Canes 
reasons that will become obvious when you see it. = oe 
There's even a spurious Messier Object, which is in Venaticl 
fact a double star! As you can see, there's a wealth of J 
deep-sky objects to track down and even challenge 
your telescope with, and here are six of the best. 


| The Whirlpool Galaxy (M51) 











Alkaid 


Ol 


Two galaxies for the price of one! M51, also 

known as the Whirlpool Galaxy, is a beautiful 
face-on spiral galaxy that is interacting with a 
smaller nearby galaxy. 


M109 
Lying close to the star Phecda in the bowl 


of ‘The Plough’ and known as the Vacuum 
Cleaner Galaxy, M109 is a lovely barred spiral galaxy. 


Winnecke 4 (M40) 

Messier objects are normally nebulae or 

galaxies. This one, however, is a double star, 
which can be easily split in a small telescope. 


The Owl Nebula (M97) 
Here is a planetary nebula, a bubble of 


gas blown off a dying star. The owl-like 
appearance is only noticeable in larger telescopes. 


The Pinwheel Galaxy (M101) 
o Another lovely face-on spiral galaxy. A 

supernova - which is an exploding star 
- was spotted in this galaxy in 2011. 


Bode's Galaxy (M81) 

and Cigar Galaxy (M82) 

Mentioned together, as they are seen in 
the same low-power field of view of a telescope’s 
eyepiece, these galaxies are seen as a beautiful 
Spiral galaxy and an irregular galaxy respectively. 
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Mizar and Alcor 
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Whirlpool Galaxy (M51) 
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Deep sky challenge, 






Cigar Galaxy (M82) 
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Owl Nebula (M97) 
J 
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The Northern 
Hemisphere 


Now well into spring, the heavens are alive 
with galaxies, star clusters and nebulae 


The constellations of winter skies make way 
for those famous for a warmer spring, so if 
you're a fan of observing the gems in the 
constellation of Orion, April will be your last 
chance before they disappear from view. 

But, don't be too dismayed - Leo (The 
Lion) and its stunning array of galaxies 
stands proudly high above the southern 
horizon as darkness falls. The majestic lion 
is found below The Plough, or Big Dipper, 


This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


Hold the chart above your 
head with the bottom of the 
page in front of you. 


Face south and notice 
that north on the chart 
is behind you. 


The constellations on the chart 
should now match what you 
see in the sky. 


Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 
NK 
Variable star 
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which forms part of Ursa Major. The Leo 
Triplet (M66, M65 and NGC 3628), is an 
easy catch for observers with telescopes 
of small-to-medium apertures. 

A variety of star clusters are 
visible, such as Pleiades (M45), the 
Beehive Cluster (M44) and the Great 
Globular Cluster in Hercules (M13). 
Remember, use this map under red 
light to preserve your night vision. 


isv4 


SNHONIHdO 


Open star clusters 

Globular star clusters 

Bright diffuse nebulae 

Planetary nebulae ieee di 


Galaxies appears on the 16 April at 
approximately 10pm (BST). 
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The Northern Hemisphere 
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Messier 95 


© Wil Tirion; ESO; P Barthel; Hubble; ESA; NASA 
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Celestron AstroMaster 102 AZ 


Designed for both celestial and terrestrial viewing, this refractor is 


suitable for beginners on a budget 


Telescope 
advice 


Cost: £245 (approx. $350) 
From: David Hinds Ltd 
Type: Refractor 
Aperture: 4.0" 

Focal length: 26” 


Best for... 


Beginners 

Small budget 
Planetary viewing 
Lunar viewing 


Bright deep-sky objects 


Celestron’s AstroMaster 102 AZ 

is designed for both celestial and 
terrestrial viewing, so if you're a fan 
of observing wildlife and mountain 
ranges as well as the night sky, then 
instruments of this calibre are a 
worthy investment. However, at a price 
of £245 (approximately $350), where 
everything is supplied - including a 
StarPointer, steel-tube tripod, 20mm 
and 10mm eyepieces that supply 
magnifications of 33x and 66x as 
well as TheSkyX astronomy software 
- this scope won't create much of a 


dent in your bank balance. Relatively 
portable and supplied with an alt- 
azimuth mount, the AstroMaster 102 
AZ promotes ease-of-use as well as 
minimum fuss, making it ideal for 
those who are just breaking into the 
hobby of astronomy. 

On first impressions, the build of 
this new addition to the AstroMaster 
range is exquisite. While we did note 
glue residue on the tube, the quality 
of this refractor lives up to Celestron’s 
usual standards and we very much 
enjoyed the tube’s beautiful metallic 


"A permanently-mounted 


StarPointer takes the fuss out 


of calibrating the telescope 
session after session" 






blue finish as well as the pop of orange 
on the Vixen-style dovetail and the 
mount - features that allow it to stand 
out from the crowd. The twist clutch 
handle is very well made and screws 
into the mount tightly, allowing the 
telescope to track objects by steering. 
Building the AstroMaster 102 AZ 
is very intuitive. While instructions 
are supplied, we didn't feel the need 
to refer to them, with each of the 
telescope’s components slotting into 
place with ease. A permanently- 
mounted StarPointer takes the fuss 







The Celestron AstroMaster 
102 AZ is supplied with 20mm 
and 10mm eyepieces for 

magnifications of 33x and 66x 
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out of calibrating the telescope session 
after session if it gets knocked out of 
place - an excellent feature that makes 
setting up and observing the night sky 
easier. The ball star-diagonal does the 
job in holding the eyepieces, however, 
as it is made of plastic it is quite flimsy. 
The rugged pre-assembled tripod 
comes with an accessory tray, which is 
a bit of a challenge to fit. 

Being a light instrument, we headed 
over to a patch of grass for extra 
stability during our observations. The 
supplied diagonal and the eyepieces 
fit the entire setup nicely, however, 
if youre looking to substitute these 
with accessories made of a much 
more robust material, then you'll find 
that there are balancing issues. We 
discovered that the view ‘sagged’ 
when we located Jupiter, which shone 
at a stunning magnitude of -2.5 in our 
field of view. Sticking to the supplied 
accessories, however, we found 
that the mount locked into place 
sufficiently well. 

With Jupiter in our field of view, the 
king of the Solar System showed up 
as a bright disc with its four Galilean 
moons - Io, Europa, Ganymede and 
Callisto - appearing as bright points 
of light. While we could make out 
Jupiter's bands with the AstroMaster 
102 AZ, a 80A (medium blue) filter 
enhanced them beautifully - a 
sight that’s sure to impress those 
just getting into astronomy. Colour 
fringing, also known as chromatic 
aberration, was also minimal. 

While we waited for Saturn and 
Mars to rise above the south to 
southeastern horizon, we tested the 
refractor's mettle on deep-sky objects, 
such as the face-on spiral galaxy, 
the Pinwheel Galaxy (M101) in the 
constellation of Ursa Major, and slewed 
across to the barred spiral M95 in 
Leo. Views of these galaxies were 
quite small. However, we were able to 
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Telescope advice 


The refractor employs a 
rack and pinion focuser 
for sharp views 








































CELES el 
pes 


With an aperture of 4.0”, 
the 102 AZ’s multi-coated 
optics supply bright views 
of both celestial and 
terrestrial objects 





get a rich view of the Pleiades (M45) 
open star cluster in the constellation 
of Taurus before it sunk towards the 
horizon as the evening wore on. 

Waiting until the small hours of 
the morning, we looked towards the 
southern horizon to capture Saturn 
and Mars. The Red Planet appeared 
as a small, pink disc, while Saturn's 
rings were unmistakable through the 
eyepiece. Further on into the morning 
and with a waning crescent Moon, 
an impressively clear, high-definition 
view of the Moon's surface was visible 
through the refractor. 

Built for terrestrial views as well as 
celestial, we took the opportunity to 
observe a wood pigeon in a tree just 
a few hundred metres away. Views 
were Clear, boasting the telescope's 
dual uses. 

With its ease of use, the Celestron 
AstroMaster 102 AZ is ideal for those 
looking to get started in astronomy, 
as well those who want an 
instrument built for a multitude 
of purposes - from observing 
planets to mountain peaks. @ 


Made of steel, the tripod 
is well made and is well 
suited for use on grass 
for extra stability 
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A SET OF T 


Courtesy of Meade Instruments Ltd 
we've got four telescopes to give 


Meade Series 4000 1.25" 
Pin (oe eB m a 
Cost: £200 ' 


Designed to compliment any type of telescope, the Meade Series 


4000 offers a wide range of focal lengths thanks to 6.4mm, 

9.7mm, 12.4mm, 15mm, 32mm and 40mm Super Pléssl multi- 

coated eyepieces that deliver wide 52-degree apparent fields of 
view. Also includes a 2x 


Barlow lens and filters. 















To be in with a chance of winning, all 
you have to do is answer this question: 


A: The Andromeda Galaxy * 
B: Canis Major Dwarf ' 
C: Large Magellanic Cloud . 


G) 
The smart solution 


@® MEADE INSTRUMENTS 


J 


With everything you need to view the wonders of the night 


_ sky, the Meade Polaris’ 5.1” aperture delivers bright and 


detailed images, perfect for viewing a variety of targets. It also 
features a stable equatorial mount with slow motion controls 
for easy tracking of celestial objects as they move across the 
sky. The Meade Polaris 130 EQ comes with three eyepieces 
that provide low, medium and high-powered magnification 
for exquisite views of the Moon, planets and deep-sky objects, 
as well as a red dot viewfinder and AutoStar Suite Astronomer 
Edition software. 


Meade Polaris 90 EQ 
Cost: £250 
Ideal for beginners to astronomy, the Meade 
Polaris 90 refractor has a 3.5” aperture that's 
well suited to observing the surface of the Moon, 
the planets as well as terrestrial views. Three 
eyepieces provide a variety of magnifications for 
a pleasing observing experience. An equatorial 
mount allows for optimum control while tracking 
celestial objects across the night sky, while a red 
- dot viewfinder makes locating objects a breeze. 







Meade 

Infinity 102 AZ 
Cost: £250 

Complete with a simple, 
yet effective alt-azimuth 
mount, the Meade Infinity 
- just like its cousin 

the Polaris - provides 
stunningly clear and crisp 
views of night-sky targets 
that will delight the novice 
astronomer. As with all 
WCET Betea tents ncme enc 
4" instrument comes 

with three eyepieces that 
provide a low, medium 
and high-powered 
magnification to observe 
anything from land to our 
Solar System. 
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Cost: £225 

The LightBridge Mini is the 
ultimate grab-and-go telescope 
that provides the same high- 
quality standards of the original 
Truss-Tube Dobsonian models but 
in a portable form. The LightBridge 
Mini 130 offers magnificent 

views of planets, nebulae, star 
clusters and galaxies thanks to its 
excellent light gathering ability. 

Its simple point-and-look design 
and a 360-degree “lazy susan” 
style mount make it the perfect 
telescope for the entire family. 
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eh Binoculars 


There is nothing like viewing celestial objects SX | 
through.a pair of large aperture binoculars. a 
Objects take on a.3D effect and the views of Ie 
known nebulae FLaNe| 1 clusters are more La 


Theat — S-A 

High quality 81mm achromat that 

delivers crystal clear 3D 

views of star clusters and | : x 
nebulae. Light, portable and \ | | o£ Nt rene , 
available with a wide choice... ‘ Baas Lae | 
of eyepieces and accessories. oa a 
Prices from just £799. | : 
For more piel ETI bebe el Sone] 2 


et | en ae nD 


= itaa ll a multi-coated 70mm 
models perfect for the first time or 
occasional user looking for a pair of > 
large objective binoculars for star gazing 
as well as long range terrestrial viewing. — 
Supplied.in soft carry case with 5 yr guarantee. - 
11x70 £99, 15x70 £99 . 


For more information visit www.opticron.co.uk 


For more information and stockists of Vixen and Opticron 
astronomy products please call 01582 726522 quoting 
reference AAS49. 

Distributed in the UK by Opticron, Unit 21, Titan Court, Laporte Way, Luton, LU4 8EF 
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Contact us on 


01202 586442 


adinfo@imagine-publishing.co.uk 


Tring The Home Counties Astronomy Specialists 
Astronomy 


eee: Tel:01442 822997 


friendly ae 


with over 100 telescopes 
& binoculars on display 


e@ Extensive range of 
face-to-face advice binoculars & 


Excellent aftersales support | ~ SPottingscopes 
Beginner package deals 

Great prices and value 

One of the UK’s largest 


: fon TET EE Tel ee 


a oe 
ee open 5 daysa ray - Free on-site parking 


Clay i ae boy 

The Old Silk Mill, 
Brook St, Tring, 
Herts, HP23 5EF 


i facebook.com/tringastro ic www.tringastro.co.uk 


| . | @Tring_Astro m enquiries@tringastro.co.uk 
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Discovery for. M Y ae 


rat T yh NNilel- 3 ny - RANGE re); PRODUCTS: 
YOUR ONE STOP SHOP FOR OPTICAL GOODS 


+ Optical & Radio Telescopes, Astro Photography, 
Globes, Spectroscopy, Binoculars, Spotting Scopes, 
Microscopes, Scientific Models & Books and much more 


FORNAX MOUNTS: CONVENIENT MODULAR DESIGN 


Use it with MC3 controller or add Hydra for wired / wireless control! 
Add absolute encoders for complete robotic operational functions! 
Fornax mounts available for 50 - 100 - 150 - 200 kg payloads. 


Call 020 33 845 187 between 9am — 80m 7 days a week. 


WWW .365d0STTONOMY.COM 








Astronomy 
kit reviewS 


Stargazing gear, accessories and books 
for astronomers and space fans alike 





Celestron Night Vision Flashlight 
Cost: £12.00 / $15.95 
From: David Hinds Ltd 
You'll notice that when you first step out into the dark from the 
bright indoors for a spot of observing, it takes a while for your 
eyes to adjust to the darkness. Your eye is full of cells called 
rods and cones that receive light. In particular, rods work best 
: fare Bean in low light conditions and bright light can damage their light 
— ee ee? dl ; wi | sensitivity. It can take up to half an hour after you step out into 
iE L ISO et A ree the dark for them to reach their peak sensitivity and provide the 
a best night vision. And the careless flash of torchlight can destroy 
this dark adaptation in seconds. 
However, red light does not have the same effect and can 
preserve the sensitivity of the rods in your eyes. For this reason, 
red light torches are the preferred choice for astronomers. 
Celestron’s Night Vision Flashlight sports a dual LED beam to 
allow you to look at star charts or replace an eyepiece or filter on 
your telescope without ruining your night vision. The included 
neck strap keeps the torch within reach at all times. 
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Celestron Observer's 

Accessory Kit 

Cost: £135 / $99.95 

From: David Hinds Ltd 

You've probably been told that choosing the right telescope 

is the most important astronomical purchase that you can 
make, but that’s only half the story, as a good telescope with 
poor eyepieces will never reach its full potential. This is where 
the Celestron Observer's Accessory Kit steps in. It is packed 
with useful accessories, among which are a pair of 1.25” Plossl 
eyepieces: a 6mm eyepiece with high magnification and a 
narrow field of view - useful for close ups of large targets such 
as the Moon or Jupiter - and a 17mm eyepiece with a wider 
field of view and medium-magnification that better suits star 
clusters and deep-sky objects. There is also a 2x Barlow lens 
that you fasten between the eyepiece and the eyepiece 
holder on your telescope, resulting in a doubling 
of the magnification. Alongside these, the kit 

"| also features a T-adaptor and teleconverter for 
a a | affixing a DSLR camera to your telescope, and 
, Wed A | three colour filters: #80A light blue and #25 red - 
both for looking at different features on the planets 

- and a Moon filter that reduces glare, making it 
easier to see the spectacular details of the Moon's 
mountains, valleys and craters. 
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Astronomy kit reviews 








Celestron 
Cometron 12x70 
Cost: £99 / $89.95 

From: David Hinds Ltd 
Testing these binoculars on daytime terrestrial 
views, these 12x7Os were surprisingly light to hold. 
But when it came to astronomical viewing, they were 
a bit heavy for steady sights due to the 12x magnification, 
SO We mounted the Cometrons on a tripod. Turning the 
binoculars to a variety of targets, we quickly noticed their ability 
to make faint objects brighter: a satellite, dim to the naked eye, 
seemed to obtain a significant magnitude thanks to dual 7Omm 


aperture lenses that give the best light-gathering ability possible. Celestron Sky Maps 

The Pleiades in the spring sky looked superb, with its stellar Cost: £30 / $24.95 
members effortlessly picked out with a pleasing view. Moving From: David Hinds Ltd 
across the sky to a very good view of the Andromeda Galaxy, On a clear night there may be hundreds of sparkling stars 
unfortunately the field of view did reveal some slight coma in above your head, so many that even the most familiar 
the left optics and a touch of colour fringing. Crisper views were constellation patterns can become lost in the dazzling 
found at the centre of the lenses, but sadly the eyepieces fogged display. To help you find your way around the stars, 
up with over 50 per cent humidity. Despite the few optical Celestron Sky Maps are the perfect accompaniment to your 


telescope. Think of them as an atlas to the night sky as seen 
in the Northern Hemisphere, with each spiral-bound page 
showing a different constellation alongside useful celestial 
information and details of bright targets for your telescope. 
The maps cover all four seasons, making this the perfect 
guide to the night sky whatever time of the year you are 
observing. Celestron Sky Maps come with a planisphere 

- a ‘star finder’ with a rotating map of the sky that can be 
turned to any date and time to show what will be visible 
in the night sky at that time. And as the star patterns and 
names are glow-in-the-dark, you don't have to use a torch 
to see the star finder's details, leaving your dark-adapted 
| vision intact. If you're new to the night sky and the 
& constellations are unfamiliar to you, then Celestron 
SS Sky Maps are the perfect learning tool. 


issues, these 12x70Os are fair for the price - especially if 
youre looking for inexpensive, large-aperture 
binoculars with a high magnification 
that provide good views. 
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He heads one of 
the world's most 
successful private 
Space companies 
and wants to 
colonise Mars 


Many of us would aspire to be an 
astronaut and adventurously jet off 
into space on an important mission. 
But while Elon Musk says he would, 
one day, like to do just that, for now 
he prefers to let his imagination soar 
skywards instead. 

Musk is the head of SpaceX, a 
company that not only designs, 
manufactures and launches advanced 
rockets and spacecraft, but also has 
a contract with NASA to ferry cargo 
to the International Space Station 
(ISS). In time, SpaceX intends to 
carry people, too, and it has emerged 
as one of the space industry's most 
important players. Yet when Musk 
founded SpaceX - or Space Exploration 
Technologies Corporation as it is 
also known - in June 2002 at the 
age of just 31, he had no prior space 
experience. The closest he had got 
Was a space-themed video game 
called Blastar, which he sold to PC and 
Office Technology magazine for $500 
(around £350) at the age of 12. 

That, however, was an important 
indication of his knack for business 
and strong interest in technology (he 
had learned to programme computers 
at the age of ten). He also showed 
he was quick to spot opportunities, 
abandoning his PhD in applied physics 
at Stanford University in 1995 to set 
up a web software company called 
Zip2, which he sold four years later 
to Compaq. He went on to found 
online banking company, X.com, 
which merged with the money 
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transfer service Confinity and became 
PayPal. The subsequent sale of the 
company to eBay in 2002 netted him 
$165 million (£115 million) and it was 
around this time that he bid to shake 
up the space industry with a burning 
ambition to colonise Mars. 

At first, critics scoffed at the South 
African-born entrepreneur who had 
moved to Canada in 1989, believing 
his ideas would fall to Earth with a 
bang. They scorned his concept for 
a Mars Oasis, which sought to grow 
plants on the Martian soil by sending 
seeds to the Red Planet and hydrating 
gel to feed them. Yet, having been 
bullied relentlessly throughout his 
childhood, Musk proved himself to be 
resilient, and SpaceX has gone from 
strength-to-strength. The company 
manufactured the Falcon 1 rocket 
which, after three failed attempts, 
became the first privately-developed 
liquid-fuel launch vehicle to go into 
orbit around the Earth in September 
2008. The following year, it delivered 
the Malaysian RazakSAT satellite to 
orbit. Musk’'s drive and determination 
saw NASA award SpaceX the contract 
to handle cargo transport for the 
ISS and, thanks to the efficiency of 
SpaceX, the cost of missions has fallen 
from $1 billion (E700 million) to just 
$60 million (£42 million). 

However, Musk hasn't been immune 
to turmoil in his personal life. He filed 
for divorce in the late spring of 2008, 
leaving Justine Musk with whom he 
had five sons, and he announced his 


| Elon Musk’s space 
career took off when. 
SpaceX’s Falcon 9 
rocket successfully 
sent supplies to the 

| ISS on 22 May 2012 


engagement to the British actress 
Talulah Riley a couple of months later. 

But business has been solid, with 
SpaceX attracting investment and 
Musk becoming ever more convinced 
that the colonisation of Mars is 
possible. This continues to dominate 
his thoughts. Last year, he spoke of 
launching nuclear weapons aimed 
at the Red Planet in order to warm it 
up. His idea may have been branded 
as “outrageous” by some, but it 
certainly can't be ignored, as Musk’s 
achievements have been plentiful 
and SpaceX now has around 5,000 
talented employees. 

The firm used its Falcon 9 rocket 
to launch its spacecraft, Dragon, 
successfully recovering it from orbit. 
In 2012, it sent Dragon to the ISS 
and it has also sent satellites into 
geosynchronous orbit. Musk was 
saddened that Falcon 9 failed to land 
on an autonomous drone ship in the 
Pacific Ocean (in two other attempted 
ocean landings, the rockets exploded) 
but he was overjoyed when it landed 
on solid ground last December. 

As for the future, Musk says SpaceX 
intends to mass-produce Falcon 9, 
building up to 30 cores per year. It 
also plans to use Dragon for astronaut 
launches in 2017. It's not bad going for 
someone who is still only 44 years old, 
but Musk has proven time and time 
again that shooting for the stars can 
yield amazing results. What's more, we 
feel his best contributions to space are 
yet to come. @ 
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OPTICS OF DISTINCTION 


OSTARA 


ELINOR 


The award winning Elinor range has it all with an ultra wide field of view providing a 
high resolution, comfortable and an incredibly stable image. Features include large 
eyepiece lenses for very comfortable, long eye relief viewing. 

The body has tough rubber armour and is waterproof. 


All surfaces are fully multicoated further enhancing brightness and clarity. Optical 
Hardware's broad lightband transmission ensures incredibly accurate colour rendition. 






V EA R Available in a choice of magnifications 


GUARANTEE 7X50 | 8x45 | 10x50 | 12x50 


Ostara binoculars are manufactured and distributed by Optical Hardware Ltd. 
For more information and to find your nearest stockists, please visit www.opticalhardware.co.uk/stockists 
All offers are subject to availability, prices and specifications are subject to change without notice. E&O.E. Your statutory rights are not affected. 

















